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FOREWORD 

The L i f e  S c i e n c e s  Research O f f i c e  (LSRO) , F e d e r a t i o n  o f  
American S o c i e t i e s  f o r  Exper imen ta l  B io logy  (FASEB), p r o v i d e s  
s c i e n t i f i c  a s s e s s m e n t s  of t o p i c s  i n  t h e  b i o m e d i c a l  s c i e n c e s .  
Reports are b a s e d  upon comprehens ive  l i t e r a t u r e  r e v i e w s  and t h e  
s c i e n t i f i c  o p i n i o n s  of knowledgeable  i n v e s t i g a t o r s  engaged i n  work 
i n  s p e c i f i c  areas of b i o l o g y  and med ic ine .  

T h i s  t e c h n i c a l  report  was deve loped  f o r  t h e  N a t i o n a l  Aero- 
n a u t i c s  and Space  A d m i n i s t r a t i o n  (NASA) i n  a c c o r d a n c e  w i t h  t h e  pro- 
v i s i o n s  of C o n t r a c t  Number NASW 3924. I t  was p r e p a r e d  and e d i t e d  
by  J u l i e n  M. C h r i s t e n s e n ,  Ph.D., Chief  S c i e n t i s t ,  U n i v e r s a l  Energy 
S y s t e m s ,  Dayton,  Oh io ,  and John M. T a l b o t ,  M.D. ,  S e n i o r  Medica l  
C o n s u l t a n t ,  LSRO. 

The LSRO acknowledges  t h e  c o n t r i b u t i o n s  of t h e  i n v e s t i -  
g a t o r s  and c o n s u l t a n t s  who a s s i s t e d  w i t h  t h i s  s t u d y .  The r e p o r t  
r e f l e c t s  t h e  o p i n i o n s  e x p r e s s e d  by  an  ad hoc working g r o u p  t h a t  
m e t  a t  t h e  F e d e r a t i o n  on August 6-8 ,  1984. The s t u d y  p a r t i c i p a n t s  
r ev iewed  a d r a f t  of t h e  repor t  and t h e i r  v a r i o u s  v i e w p o i n t s  were 
i n c o r p o r a t e d  i n t o  t h e  f i n a l  r e p o r t .  The s t u d y  p a r t i c i p a n t s  and 
LSRO accept r e s p o n s i b i l i t y  f o r  t h e  a c c u r a c y  o f  t h e  r e p o r t ;  how- 
e v e r ,  t h e  l i s t i n g  of t h e s e  i n d i v i d u a l s  i n  S e c t i o n  V I 1  d o e s  n o t  
i m p l y  t h a t  t h e y  s p e c i f i c a l l y  e n d o r s e  e a c h  s t u d y  c o n c l u s i o n .  

The r e p o r t  was rev iewed  and approved  by t h e  LSRO Advisory  
C o m m i t t e e  (which  c o n s i s t s  o f  r e p r e s e n t a t i v e s  o f  e a c h  c o n s t i t u e n t  
S o c i e t y  of FASEB) u n d e r  a u t h o r i t y  d e l e g a t e d  by t h e  E x e c u t i v e  Com- 
mittee o f  t h e  F e d e r a t i o n  Board. Upon c o m p l e t i o n  of t h e s e  r e v i e w  
p r o c e d u r e s ,  t h e  report was approved and t r a n s m i t t e d  t o  NASA by t h e  
E x e c u t i v e  Director, FASEB. 

Whi le  t h i s  is a r e p o r t  o f  t h e  F e d e r a t i o n  o f  American 
S o c i e t i e s  for Exper imen ta l  B i o l o g y ,  i t  d o e s  n o t  n e c e s s a r i l y  
r e f l e c t  t h e  o p i n i o n  o f  e a c h  i n d i v i d u a l  member of t h e  FASEB 
c o n s i t u t e n t  S o c i e t i e s .  

Renneth D. F i s h e r ,  Ph.D. 
Director 
L i f e  S c i e n c e s  Resea rch  Off ice  

iii 



SUMMARY 

The NASA research program i n  t h e  b io logica l  and medical 
aspects of space f l i g h t  i n c l u d e s  i n v e s t i g a t i o n s  of human b e h a v i o r  
and pe r fo rmance .  The research f o c u s e s  on psychological and psycho- 
p h y s i o l o g i c a l  r e s p o n s e s  t o  operational and e n v i r o n m e n t a l  stresses 
and demands of space f l i g h t ,  and encompasses  problems i n  percep- 
t i o n ,  c o g n i t i o n ,  m o t i v a t i o n ,  psychological s t a b i l i t y ,  small g r o u p  
dynamics ,  and pe r fo rmance .  The primary o b j e c t i v e  is to  a c q u i r e  
t h e  knowledge and methodology t o  a i d  i n  a c h i e v i n g  h i g h  p r o d u c t i v -  
i t y  and e s s e n t i a l  psychological s u p p o r t  of space- and groundcrews  
i n  t h e  Space S h u t t l e  and space s t a t i o n  programs. 

As a p a r t  of t h e  process of research program e v a l u a t i o n ,  
N A S A  r e q u e s t e d  t h a t  t h e  L i f e  S c i e n c e s  Research O f f i c e  (LSRO) of 
t h e  F e d e r a t i o n  of American Societies for  Exper imen ta l  Biology 
r e v i e w  i ts  program i n  psychology and  i d e n t i f y  research fo r  f u t u r e  
program p l a n n i n g .  T h i s  report is based  upon t h e  o p i n i o n s  and 
s u g g e s t i o n s  of an  ad hoc Working Group of e x p e r t  b e h a v i o r a l  s c i e n -  
t ists whose names are l i s t e d  i n  section V I I .  

C r e w  m o t i v a t i o n  and e f f e c t i v e n e s s  have been h i g h  i n  
N A S A ' s  manned m i s s i o n s ,  and o v e r t  f u n c t i o n a l  i m p a i r m e n t  c a u s e d  b y  
a d v e r s e  psychological  r e s p o n s e s  has n o t  been  reported. However, 
some e x p e r t s  b e l i e v e  t h a t  l onge r ,  i n c r e a s i n g l y  complex ,  and rela- 
t i v e l y  r o u t i n e  space m i s s i o n s  i n v o l v i n g  l a rge r ,  h e t e r o g e n e o u s  
crews may g e n e r a t e  psychological and psychosocial problems for  
which s o l u t i o n s  are n o t  c u r r e n t l y  a v a i l a b l e .  In  t h e  p l anned  space 
s t a t i o n ,  p o t e n t i a l l y  s t r e s s f u l  f a c t o r s  i n c l u d e  p h y s i c a l  and social 
i s o l a t i o n ,  c o n f i n e m e n t ,  boredom, threat of p o t e n t i a l  h a z a r d s ,  and  
d i s c o m f o r t  associated w i t h  c rowding ,  lack of p r i v a c y ,  a r t i f i c i a l  
l i f e  s u p p o r t ,  and m i c r o g r a v i t y .  

Documented untoward psychological and p s y c h o p h y s i o l o g i c a l  
r e s p o n s e s  t o  space f l i g h t  i n c l u d e  t r a n s i e n t  d i s o r i e n t a t i o n  and 
spa t i a l  i l l u s i o n s ,  temporary alteration of v i s u a l  f u n c t i o n ,  as 
w e l l  as d e g r a d a t i o n  of performance and sleep d i s t u r b a n c e  associ- 
ated w i t h  undue s h i f t s  i n  work, rest, and sleep s c h e d u l e s .  Space 
s i c k n e s s ,  which compromises crew e f f e c t i v e n e s s ,  may have a 
s i g n i f i c a n t  psychological  component i n  some people. 

Anecdo ta l  i n f o r m a t i o n  from space m i s s i o n s  of t h e  Uni ted  
States and  S o v i e t  Union i n c l u d e s  o ther  examples  of a d v e r s e  psycho- 
log ica l  effects s u c h  as h o s t i l i t y  between space- and g roundcrews ,  
f r i c t i o n  be tween members of  s p a c e c r e w s ,  and episodes of m e n t a l  
d e p r e s s i o n .  Fast  a c t i v i t i e s  of an  o p e r a t i o n a l  or research n a t u r e  
t h a t  are a n a l o g o u s  t o  space missions i n  terms of  such  fac tors  as 
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confinement, physical and social isolation, crowding, lack of 
privacy, and perceived danger, include long submarine missions, 
undersea habitats, and polar stations. Research and operational 
monitoring have shown that adverse psychological effects in these 
endeavors have ranged from listlessness and depression through 
anxiety with psychosomatic symptoms, sleep disturbance, and 
fatigue, to irritability and frank hostility. Evidence for 
decreased psychomotor performance in certain undersea activities 
has been documented. 

Among the unresolved problems of long-term human occu- 
pancy of a space station are questions of optimal psychological 
and psychophysiological criteria and methods for crew selection 
and assignment, psychological and psychosocial factors in crew 
compatibility, motivation, and productivity, and the effects of 
the space station environment on perceptual, intellectual, and 
motor skills. The members of the LSRO ad hoc Working Group exam- 
ined NASA's current research program in psychology, heard presenta- 
tions on the space station, and focused their deliberations on 
such key topics'as cognition, perceptual-motor function, perform- 
ance assessment, psychological stability, motivation, psychosocial 
aspects, methodology, and models. In the opinion of the Working 
Group, NASA's current research program in psychology includes some 
worthwhile investigations whose results may ultimately prove appli- 
cable to problems of manned space flight; however, the program- 
matic level of effort is insufficient to produce the data needed 
to satisfy the program objectives. Therefore, the ad hoc Group 
reiterated the recurring opinion of past scientific advisory 
groups that NASA would benefit greatly in both short and long 
terms by planning and implementing a comprehensive, well-inte- 
grated research program in psychology including basic and applied 
research and participation by behavioral scientists in space 
station planning, crew selection and training, missions simula- 
tions, and actual missions of the space station. Suggested 
research and methodology as well as certain technical considera- 
tions are specified in Section V. 
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I. INTRODUCTION 

The Biomedical Research Program of t h e  National 
A e r o n a u t i c s  and Space A d m i n i s t r a t i o n  ( N A S A )  addresses problems 
associated w i t h  manned s p a c e  f l i g h t .  P a r t  of t h e  program con- 
c e r n s  t h e  p s y c h o l o g i c a l  aspects of space f l i g h t ,  r e p r e s e n t i n g  a 
broad f i e l d  of topics. T h i s  report on t h e  psychological aspects 
of space f l i g h t  is based upon t h e  o p i n i o n s  and s u g g e s t i o n s  of a n  
ad hoc Working Group of prominent  b e h a v i o r a l  s c i e n t i s t s  (see 
S e c t i o n  V I I ) ,  whose members m e t  a t  t h e  Federation on August 6-8,  
1984 and who c o n t r i b u t e d  a d d i t i o n a l  data and r e f i n e m e n t s  to  t h e  
report i n  t h e  s u b s e q u e n t  months. 

N A S A ' s  manned space m i s s i o n s  have i n v o l v e d  f l i g h t s  of 
sho r t  ( h o u r s  or d a y s )  to  medium (weeks to  < 3  m o )  d u r a t i o n ,  u s u a l l y  
w i t h  crews of up t o  three a s t r o n a u t s .  In  t h e  c u r r e n t  Space Shut-  
t l e  Program,  m i s s i o n s  nomina l ly  l a s t  f o r  7-10 d ,  w i t h  crews of 
f o u r  t o  e i g h t  members. C r e w  m o t i v a t i o n ,  p r o d u c t i v i t y ,  and effect- '  
i v e n e s s  have  been h i g h  i n  a l l  of  N A S A ' s  manned m i s s i o n s ,  and o v e r t  
f u n c t i o n a l  impai rment  based on a d v e r s e  psychological responses has  
n o t  been reported ( B e r r y ,  1973, 1974; J o h n s t o n  and D i e t l e i n ,  1977;  
N icogoss i an  and P a r k e r ,  1982). However, some e x p e r t s  s u g g e s t  t h a t  
l o n g e r ,  i n c r e a s i n g l y  complex,  b u t  more n e a r l y  r o u t i n e  space 
e n d e a v o r s  s u c h  as t h e  S o v i e t  S a l y u t  m i s s i o n s  and t h e  p l anned  
Un i t ed  States s p a c e  s t a t i o n  may produce  psychological problems 
whose s o l u t i o n s  are n o t  c u r r e n t l y  a t  hand (Brady ,  1983; Gurovskiy  
and Novikov,  1981;  Leonov and Lebedev, 1973;  Montemerlo and Cron ,  
1982;  Simonov, 1975). Moreover,  anecdotal i n f o r m a t i o n  s u g g e s t s  
t h a t ,  i n  some of t h e  S h u t t l e  m i s s i o n s ,  phenomena of a psychophysio- 
log ica l  and p e r c e p t u a l  n a t u r e  have o c c u r r e d  t h a t  are poor ly  under-  
stood and  whose operat ional  s i g n i f i c a n c e  needs  c a r e f u l  d e f i n i t i o n .  

The u l t i m a t e  c o n f i g u r a t i o n  of t h e  space s t a t i o n  h a s  n o t  
been  dec ided .  However, as c u r r e n t l y  c o n c e i v e d ,  i t  w i l l  cons is t  of 
s e v e r a l  modules  des igned  to  accommodate a crew of three t o  f i v e  
p e r s o n s  i n i t i a l l y ,  and e i g h t  t o  twe lve  u l t i m a t e l y ,  i n  nominal  m i s -  
s i o n s  l a s t i n g  90 d and operat ing i n  a l o w  E a r t h  o r b i t  (500 km). 
I t  w i l l  be s u p p o r t e d  l o g i s t i c a l l y  by t h e  S h u t t l e  Orbi te r  of t h e  
Space T r a n s p o r t a t i o n  System (STS). 

In  v i ew of t h e  comparat ively l i m i t e d  e x p e r i e n c e  i n  terms 
of numbers of par t ic ipants  i n  long-term ( a r b i t r a r i l y  described 
here as >30 d )  space m i s s i o n s  i n  t h e  programs of t h e  Un i t ed  States 
and t h e  S o v i e t  Union, re l iab le  p r e d i c t i v e  data are n o t  a v a i l a b l e  
on  t h e  l i k e l i h o o d  of s i g n i f i c a n t  performance d e g r a d a t i o n  from 
p o s s i b l e  a d v e r s e  b e h a v i o r a l  effects of long-term occupancy  of a 
space s t a t i o n  by m u l t i p l e  crew members. 
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S e v e r a l  f ac to r s  i n  t h e  env i ronmen t  of a s p a c e  s t a t i o n  may 
become p s y c h o l o g i c a l l y  s t r e s s f u l  as m i s s i o n  d u r a t i o n  e x t e n d s  from 
d a y s  t o  weeks t o  months.  Examples o f  s u c h  f a c t o r s  a re  p h y s i c a l  
i so l a t ion ,  soc ia l  d e p r i v a t i o n ,  c o n f i n e m e n t ,  a c o n s t a n t  p o t e n t i a l  
f o r  t h e  o c c u r r e n c e  o f  h a z a r d o u s  i n c i d e n t s ,  and  d i s c o m f o r t  assoc- 
ia ted  w i t h  c rowding ,  lack o f  p r i v a c y ,  a r t i f i c i a l  l i f e  s u p p o r t ,  and  
w e i g h t l e s s n e s s .  N o  r e p o r t s  are a v a i l a b l e  s u g g e s t i n g  t h a t  s u c h  con- 
d i t i o n s  have compromised crew pe r fo rmance  i n  American s p a c e  m i s -  
s i o n s .  However, numerous r e p o r t s  f rom somewhat a n a l o g o u s  t y p e s  o f  
m i s s i o n s  document c e r t a i n  a d v e r s e  p s y c h o l o g i c a l  and  psychophys io-  
l o g i c a l  r e s p o n s e s  o f  some of  t h e  p a r t i c i p a n t s :  medium and l o n g  
submar ine  m i s s i o n s  ( E a r l s ,  1969; S e r x n e r ,  1968;  Tansey  e t  a l . ,  
1979;  Wegbrew, 1 9 5 7 ) ;  u n d e r s e a  h a b i t a t s  ( D e u t s c h ,  1971;  H e l m r e i c h ,  
1973;  Radlof f  and Helmre ich ,  1968); p o l a r  s t a t i o n s  (Gunderson ,  
1968); and  long- te rm ( e . g . ,  6 m o )  S o v i e t  manned space m i s s i o n s  
( B l u t h ,  1981;  Gurovskiy  and  Novikov,  1981;  P e t r o v  e t  a l . ,  1979;  
Simonov, 1975; Vinograd ,  1974).  

Adverse e f f e c t s  i n  these p r i m a r i l y  o p e r a t i o n a l  expe r -  
i e n c e s  r anged  from l i s t l e s s n e s s  and d e p r e s s i o n  t h r o u g h  h e i g h t e n e d  
a n x i e t y  w i t h  p sychosomat i c  symptoms, s l e e p  d i s t u r b a n c e ,  and 
f a t i g u e ,  t o  i r r i t a b i l i t y ,  h o s t i l i t y ,  and d e t e r i o r a t i o n  of person-  
a l i t y .  The p o t e n t i a l  f o r  impai rment  o f  pe r fo rmance  associated 
w i t h  such  r e s p o n s e s  a p p e a r s  obv ious .  I n  a l a b o r a t o r y  s e t t i n g ,  
however ,  ground-based s t u d i e s  o f  c o n f i n e d ,  p h y s i c a l l y  i so l a t ed  
s u b j e c t s  f o r  per iods  up t o  30 d have  n o t  d e m o n s t r a t e d  c o n s i s t e n t  
untoward e f fec ts  on c o g n i t i v e  f u n c t i o n  and s k i l l e d  pe r fo rmance  
( C h i l e s  e t  a l . ,  1968;  S m i t h ,  1969;  Zubek, 1969). Moreover ,  w h i l e  
b e h a v i o r a l  a b b e r a t i o n s  have  been o b s e r v e d  i n  d i v e r s  l i v i n g  i n  
u n d e r s e a  h a b i t a t s ,  s u c h  as development  o f  h o s t i l i t y  toward t o p s i d e  
p e r s o n n e l  i n  Pro jec t  T e k t i t e  I ( D e u t s c h ,  1971) ,  s l e e p  d i s t u r b -  
a n c e s ,  and d i m i n i s h e d  psychomotor pe r fo rmance  on t h e  more complex 
tests i n  Project S e a l a b  I1 (Miller e t  a l . ,  1967) ,  a d v e r s e  behav- 
i o r a l  r e s p o n s e s  i n  t h e  S e a l a b  and T e k t i t e  series were minimal  and 
a p p a r e n t l y  d i d  n o t  s i g n i f i c a n t l y  compromise p l anned  m i s s i o n  
ach ievemen t s .  

Among t h e  u n r e s o l v e d  problems c o n c e r n i n g  t h e  human com- 
p o n e n t s  of t h e  space s t a t i o n  s y s t e m  are  q u e s t i o n s  o f  opt imal  psy- 
c h o l o g i c a l  and p s y c h o p h y s i o l o g i c a l  c r i t e r i a  and  methods for  crew 
se lec t ion ,  p s y c h o l o g i c a l  and p s y c h o s o c i a l  f a c t o r s  i n  crew compat- 
i b i l i t y  and p r o d u c t i v i t y ,  and t h e  e f f e c t s  o f  t h e  s p a c e  s t a t i o n  
envi ronment  on p e r c e p t u a l ,  i n t e l l e c t u a l ,  and motor s k i l l s .  Numer- 
o u s  other  p e r t i n e n t  q u e s t i o n s  are s u g g e s t e d  by  t h e  l i s t  of t o p i c s  
i n  T a b l e  1. Some of  t h e  t o p i c s  may a p p e a r  more a p p r o p r i a t e  t o  
NASA's Human F a c t o r s  Program, which is aimed a t  o p t i m i z i n g  space 
s t a t i o n  h a b i t a b i l i t y  and t h e  i n t e r f a c e s  between t h e  human o p e r a t o r  
and  h i s  equ ipmen t ,  mach ines ,  and  t o t a l  sys t em.  The Human Factors 
Program is o u t s i d e  t h e  scope of t h i s  s t u d y .  However, a g r e a t  d e a l  
of basic research is s t i l l  needed  t o  p r o v i d e  a n  a d e q u a t e  data b a s e  
f o r  human f a c t o r s  a p p l i c a t i o n s  i n  terms o f  p e r c e p t u a l ,  c o g n i t i v e  

2 



and psychomotor  processes, capab i l i t i e s ,  and l i m i t a t i o n s  i n  rela- 
t i o n  t o  s p a c e c r a f t  and s p a c e  sys t ems .  

To a c h i e v e  its o b j e c t i v e s  i n  t h e  manned s p a c e  p rograms ,  
NASA's p o l i c i e s  c o n c e r n i n g  o p e r a t i o n a l  p e r s o n n e l  r e q u i r e  t h a t  t h e  
b e s t  q u a l i f i e d  i n d i v i d u a l s  be s e l e c t e d ,  t h a t  t h e  most e f f e c t i v e  
e d u c a t i o n a l  and t r a i n i n g  methods be used  t o  d e v e l o p  and m a i n t a i n  
n e c e s s a r y  s k i l l s ,  and t h a t  tested methods of p r e v e n t i n g  or  amelio- 
r a t i n g  t h e  untoward b i o l o g i c a l  e f f e c t s  of space f l i g h t  be employed 
t o  promote p h y s i c a l  and m e n t a l  we l l -be ing  and maximum o p e r a t i o n a l  
e f f e c t i v e n e s s .  NASA c o n d u c t s  a research program i n  t h e  psycho log-  
i ca l  a s p e c t s  of manned space f l i g h t  i n  order t o  s u p p o r t  i t s  space 
m i s s i o n s  and i t s  p e r s o n n e l  p o l i c i e s .  The program seeks t o  expand 
t h e  data b a s e  on t h e  p s y c h o l o g i c a l  r e s p o n s e s  t o  o p e r a t i o n a l  and 
e n v i r o n m e n t a l  stresses of t h e  proposed  space s t a t i o n ,  d e v e l o p  
methodology f o r  i d e n t i f y i n g  s t r e s s - s u s c e p t i b l e  i n d i v i d u a l s  and f o r  
n o n i n t r u s i v e  measurement of p s y c h o l o g i c a l  problems and pe r fo rmance  
d e c r e m e n t s  i n  m i s s i o n  p e r s o n n e l ,  and t o  d e v e l o p  measu res  for  pre- 
v e n t i n g  or c o n t r o l l i n g  space-related p s y c h o l o g i c a l  and p e r f o r m a n c e  
impa i rmen t .  An associated program o b j e c t i v e  is  development  o f  a 
model r e l a t i n g  stress, p s y c h o l o g i c a l  w e l l - b e i n g ,  and t a s k  perform- 
a n c e .  

A s  a part  of t h e  ongo ing  e f f o r t  t o  r e v i e w  and e v a l u a t e  
i t s  research program i n  t h e  l i f e  s c i e n c e s ,  NASA r e q u e s t e d  t h a t  t h e  
L i f e  S c i e n c e s  Research Off ice  of t h e  F e d e r a t i o n  of American Soc ie -  
t i es  f o r  Exper imen ta l  B io logy  u n d e r t a k e  a r e v i e w  of i ts  research 
program i n  psycho logy .  
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Table 1. Some factors that influence behavior and performance of spacecrew and other operational personnel 

A. Psychologi cal, 
Psychosocial, and 
Psychophysiological 

limits of performance 
(perceptual, motor) 

cognitive abilities 

decisio-king 

motivation 

adaptability 

leadership 

productivity 

emotions/moods 

atti tudes 

fatigue (physical 
and mental) 

crew composition 

crew compati bili ty 

psychological stability 

personality variables 

social skills 

human reliability 
(error rate) 

space adaptation 
syndrome 

spatial illusions 

time compression 

B. Environmental 

spacecraft 
habitability 

confinement 

physical isolation 

social isolation 

wei ghtlessness 

lack of privacy 

artificial life 
support 

noi se 

work-rest cycles 

shift changes 

desynchronization 

simultaneous and/or 
sequential multiple 
stresses 

hazards 

C. Space System 

mission duration and 
complexity 

organization for 
command and control 

division of work, 
man 1 machi ne 

crew performance 
requirements 

information load 

task loadispeed 

crew composition 

spacecrew autonomy 

physical comfort/ 
quality of life 

communications 
(intracrew and 
space-ground 

compe t enc y 
requi rements 

time cornpression 

boredom 

4 

D. Support Measures 

inflight psychosocial 
support 

recreation 

exercise 

selection criteria 

work-rest/ avoiding 
excess workloads 

job rotation 

job enrichment 

preflight environmental 
adaptation training 

social sensitivity 
trai ning 

training for team 
effort 

inflight maintenance 
of proficiency 

cross training 

recognition, awards, 
benef i ts 

ground contacts 

self-control training 



11. OBJECTIVES AND SCOPE OF THE STUDY 

The o b j e c t i v e s  of t h e  LSRO s t u d y  of t h e  p s y c h o l o g i c a l  
aspects of manned space f l i g h t  are t o :  

1. r e v i e w  e x t a n t  i n f o r m a t i o n  on t h e  s u b j e c t ;  
2. examine NASA's psychology research program;  
3. i d e n t i f y  s i g n i f i c a n t  gaps  i n  knowledge;  
4.  f o r m u l a t e  s u g g e s t i o n s  f o r  f u t u r e  research program 

5. p roduce  a documented r e p o r t  of t h e  f o r e g o i n g  items 
p l a n n i n g ;  

t h a t  c a n  be used  f o r  program p l a n n i n g .  

I n  a c c o r d a n c e  w i t h  NASA's g u i d a n c e ,  t h e  report  f o c u s e s  on 
i s s u e s  of human b e h a v i o r  and per formance  related to  t h e  contem- 
p l a t e d  Un i t ed  S t a t e s  Space S t a t i o n ,  t o  t h e  S h u t t l e  Program, and t o  
both n e a r -  and long- t e rm,  s p a c e - r e l a t e d  problems of a g e n e r i c  
n a t u r e  i n  a p p l i c a b l e  d i s c i p l i n e s  of psychology.  

Members of t h e  LSRO ad hoc Working Group on Behavior  and 
Per formance  h e a r d  p r e s e n t a t i o n s  by NASA program managers  and p r i n -  
c ipa l  i n v e s t i g a t o r s  and rev iewed t h e  s c i en t i f i c  l i t e r a t u r e ,  unpub- 
l i s h e d  i n f o r m a t i o n  from t h e  Uni ted  S t a t e s  and S o v i e t  space programs, 
and NASA's program documents for  t h e  research program i n  psycho l -  
ogy. In  b r o a d  terms, t h e  ad hoc Working Group f o c u s e d  i t s  d i s c u s -  
s i o n s  o n :  (1) human performance r e q u i r e m e n t s  f o r  t h e  long- te rm 
(90 d )  manned m i s s i o n ;  ( 2 )  human p e r c e p t u a l ,  c o g n i t i v e ,  and motor 
c a p a b i l i t i e s  and l i m i t a t i o n s  i n  s p a c e ;  ( 3 )  crew composition, 
i n d i v i d u a l  c o m p e t e n c i e s ,  crew c o m p e t e n c i e s ,  se lect ion c r i t e r i a ,  
and s p e c i a l  t r a i n i n g ;  ( 4 )  e n v i r o n m e n t a l  fac tors  i n f l u e n c i n g  behav- 
i o r ;  (5)  p s y c h o s o c i a l  a s p e c t s  of m u l t i - p e r s o n  space crews i n  long-  
term m i s s i o n s ;  (6)  career d e t e r m i n a n t s  i n  NASA; (7) i n v e s t i g a -  
t i o n a l  methodology and equ ipmen t ;  and (8 )  p s y c h o l o g i c a l  s u p p o r t .  
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A. 

111. BACKGROUND INFORMATION 

EXPERIENCE FROM SPACE FLIGHT 

1. Documented I n f o r m a t i o n  

Most of t h e  p u b l i s h e d  a c c o u n t s  of manned space 
missions s u g g e s t  t h a t ,  w i t h  f e w  e x c e p t i o n s ,  t h e  p e r c e p t u a l ,  cog- 
n i t i v e ,  and psychomotor per formance  of t h e  crews was a p p a r e n t l y  
un impa i red  i n  terms of m i s s i o n  comple t ion  (Gazenko e t  a l . ,  1981;  
J o h n s t o n  e t  a l . ,  1975;  J o h n s t o n  and D i e t l e i n ,  1977 ;  N icogoss i an  
and P a r k e r ,  1982). I n d i v i d u a l  e x c e p t i o n s  t o  m a i n t a i n i n g  a d e q u a t e  
pe r fo rmance  and psychologica l  wel l -be ing  d u r i n g  space f l i g h t  have 
been  c a u s e d  i n  some cases by space s i c k n e s s  (pa r t  of t h e  "space 
adaptation syndrome") (Homick and Miller, 1975; Homick, 1979 ;  
J o h n s o n ,  1984), t r a n s i e n t  d i s o r i e n t a t i o n  and spa t i a l  i l l u s i o n s  
i n  a f e w  cases (Yuganov and Kopanev, 1975), a n d ,  i n  n e a r l y  a l l  
f l i g h t s  i n i t i a l  s l o w n e s s  i n  accompl i sh ing  tasks (or a r educed  work 
e f f i c i e n c y )  and d i m i n i s h e d  motor c o o r d i n a t i o n  and p r e c i s i o n  of 
movement d u r i n g  t h e  a d a p t a t i o n  to w e i g h t l e s s n e s s .  However, t h e  
crew members a d j u s t  r a p i d l y  to  the  w e i g h t l e s s  env i ronmen t  and 
become p r o f i c i e n t  i n  d e v e l o p i n g  t e c h n i q u e s  t o  o p t i m i z e  t a s k  per- 
formance.  Thus,  t h e  i n i t i a l  d i s t u r b a n c e s  of motor  f u n c t i o n  have 
n o t  been considered c r i t i ca l  ( P e s t o v  and Geratewohl ,  1975). 
However, p o s t f l i g h t  motor d y s f u n c t i o n  can be rather d e b i l i t a t i n g  
for  days  or weeks. 

When work, r e s t ,  and s l e e p  s c h e d u l e s  were s h i f t e d  from a 
24-h d a y  set to  local t i m e  of t h e  l aunch  s i t e  d u r i n g  t h e  Soyuz 
program, cosmonauts  e x p e r i e n c e d  some degrada t ion  of performance 
and d i s t u r b e d  sleep (Leonov and Lebedev, 1973;  Leonov, 1979). 
S l e e p  l o s s ,  poor q u a l i t y  sleep, and f a t i g u e  were reported from 
t h e  Gemini I V ,  Apollo 7,  8 ,  13, 14,  15, and STS-1 m i s s i o n s  ( B e r r y ,  
1970; Goldwater, 1981; S t r u g h o l d  and  Hale, 1975). In  Apollo 
m i s s i o n  7 ,  t h e  sleep periods of t h e  three a s t r o n a u t s  were stag- 
gered so t h a t  one crew member c o u l d  a lways  be o n  w a t c h .  In  
Apollo 8 ,  o p e r a t i o n a l  demands r e q u i r e d  sleep s c h e d u l e s  t h a t  were 
q u i t e  d i f f e r e n t  from p r e f l i g h t  practice.  I n  n e i t h e r  m i s s i o n  was 
sleep j u d g e d  to  be a d e q u a t e .  I n  Apollo 9 ,  t h e  q u a l i t y  of s leep 
improved when t h e  a s t r o n a u t s  s l e p t  s i m u l t a n e o u s l y  d u r i n g  t h e i r  
accus tomed terrestrial  h o u r s  ( S t r u g h o l d  and H a l e ,  1975). During 
l u n a r  s u r f a c e  per iods i n  t h e  Apollo Program sleep was g e n e r a l l y  
i n a d e q u a t e .  Space f l i g h t  e x p e r i e n c e  s u g g e s t s  t h a t ,  a t  least  fo r  
n e a r - E a r t h  miss ions ,  sleep p e r i o d s  s h o u l d  be synchronous  w i t h  
cus tomary  bed times a t  t h e  l a u n c h  site. 

Two Russ i an  cosmonauts  obse rved  d e t e r i o r a t i o n  of t h e  
a c c u r a c y  of t h e i r  " s t a n d a r d "  movements d u r i n g  t h e  f i rs t  f e w  d a y s  
of o rb i t a l  f l i g h t  i n  t h e  Soyuz-9 s p a c e c r a f t ;  motor responses fre- 
q u e n t l y  exceeded  nominal  l e v e l s  for  a g i v e n  movement (Beregovoy,  
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1979). Beregovoy (1979)  r e p o r t e d  a s e n s a t i o n  of slow movement 
of t h e  hand w h i l e  w r i t i n g  i n  w e i g h t l e s s n e s s ,  a p p a r e n t l y  a n o t h e r  
t r a n s i e n t  i l l u s i o n  of s p a c e  f l i g h t  i n v o l v i n g  a l t e r a t i o n  of t i m e  
s e n s e .  A t  t h e  t i m e  of e n t e r i n g  t h e  w e i g h t l e s s  s ta te  i t  is  f a i r l y  
common to  e x p e r i e n c e  i l l u s o r y  s e n s a t i o n s  s u c h  as o v e r t u r n i n g  or  
i n v e r s i o n  of t h e  body,  or  a p p a r e n t  movement of o b j e c t s  w i t h i n  t h e  
v i s u a l  f i e l d .  These false s e n s a t i o n s  are  t r a n s i e n t  and u s u a l l y  of 
o n l y  a f e w  m i n u t e s '  d u r a t i o n .  However, i n  some cases, t h e  i l l u s -  
i o n s  pers is ted for up t o  a day  (Leonov and Lebedev ,  1973). 

A p e r c e p t u a l  problem descr ibed as " u n o r i e n t e d  v i s i o n "  i s  
a s s o c i a t e d  w i t h  an empty v i s u a l  f i e l d ,  i n  which human accommoda- 
t i o n  r e s p o n d s  by f o c u s i n g  n o t  a t  op t i ca l  i n f i n i t y ,  b u t  a t  a rela- 
t i v e l y  short  d i s t a n c e  of 1-2 m (Whi t e s ide ,  1965). In  t h i s  s i t u a -  
t i o n ,  t h e  i n d i v i d u a l  becomes, i n  e f f ec t ,  n e a r - s i g h t e d ,  a n d ,  p a r t l y  
on t h i s  bas i s ,  h i s  a b i l i t y  t o  estimate d i s t a n c e s  and s i z e s  of 
ob jec ts  may be impai red .  Such anomalous myopias  have  been  s t u d i e d  
as s u b j e c t s  of i n t e r e s t  t o  p s y c h o p h y s i o l o g i s t s  (Liebowi tz  and 
Owens, 1975) and i n  r e l a t i o n  t o  practical  p rob lems  of v i s i o n  i n  
a v i a t i o n  ( R o s c o e ,  1982) .  In  a d d i t i o n ,  empty f i e l d  myopia h a s  
s i g n i f i c a n t  i m p l i c a t i o n s  for v i s u a l  pe r fo rmance  i n  space (Liebo- 
w i t z  et  a l . ,  1975). 

S o v i e t  s c i e n t i s t s  measured t h e  o p t i c a l  r e s o l v i n g  power of 
cosmonauts '  e y e s  as w e l l  as t h e  number of e y e  movements p e r  u n i t  
t i m e  i n  some of t h e  Voskhod m i s s i o n s .  They conc luded  t h a t ,  u n d e r  
w e i g h t l e s s  c o n d i t i o n s ,  t h e  f u n c t i o n a l  c a p a b i l i t i e s  of t h e  e y e  are 
s u b j e c t  to  d e f i n i t e  changes  i n  terms of ocu lomoto r  f u n c t i o n  and 
v i s u a l  work c a p a c i t y  (Leonov and Lebedev ,  1973). However, t h e  
changes  were c o n s i d e r e d  t o  be  s l i g h t  and i n s i g n i f i c a n t  i n  terms 
of r e q u i r e d  v i s u a l  f u n c t i o n  i n f l i g h t  (Beregovoy ,  1979) .  More 
r e c e n t l y ,  S o v i e t  s c i e n t i s t s  reported decreases i n  v i s u a l  c o n t r a s t  
s e n s i t i v i t y  d u r i n g  t h e  first few d a y s  i n  o r b i t ,  and there are i n d i -  
c a t i o n s  of a s u s t a i n e d  i n t e r e s t  i n  e v a l u a t i n g  i n f l i g h t  v i s u a l  func-  
t i o n  of t h e  cosmonauts  ( S c h r e i b e r  , 1984). N o  documented repor t s  
of i n f l i g h t  impai rment  of v i s u a l  f u n c t i o n  of t h e  U.S. a s t r o n a u t s  
have  come to  t h e  a t t e n t i o n  of t h e  ad hoc Working Group;  however ,  
some members of S h u t t l e  crews have  compla ined  of " p r e s b y o p i a "  and 
"misplaced h o r i z o n "  d u r i n g  f l i g h t  (Genco and Task, 1984). NASA 
h a s  conduc ted  t e s t i n g  of v i s u a l  p e r f o r m a n c e  i n  some of t h e  S h u t t l e  
missions b y  means of a newly d e v e l o p e d  P o r t a b l e  V i s i o n  F u n c t i o n  
Tester (Genco  and Task ,  1984). Reports  of test r e s u l t s  are 
expec ted  i n  1985. Some space f l y e r s  have  reported s e e i n g  ob jec ts  
s u c h  as a u t o m o b i l e s  and s h i p s ,  t h a t ,  a t  t h e  d i s t a n c e s  i n v o l v e d ,  
were beyond t h e  op t i ca l  r e s o l v i n g  power of t h e  e y e  (Yuganov and 
Kopanev, 1975). N o  s a t i s f a c t o r y  e x p l a n a t i o n  of s u c h  claims h a s  
been advanced;  however ,  i n f e r e n c e  appears t o  b e  i n v o l v e d .  

Simonov (1975) r ev iewed  t h e  s u b j e c t  o f  p sychophys io log -  
i c a l  stress of space f l i g h t  and c o n c l u d e d  t h a t  "Space  f l i g h t  i s  
accompanied by  clear s i g n s  of e m o t i o n a l  stress." Cvidence  f o r  

8 



I 

I 

1 
I 
I . 
I 
I 

I 

1 
I 
I 

I 

I 

t h i s  c o n c l u s i o n  h a s  been documented ( G a g a r i n  and Lebedev,  1971;  
L i n d s l e y ,  1972) .  According t o  Simonov (1975),  p s y c h o p h y s i o l o g i c  
stress i s  evoked by i n f o r m a t i o n a l ,  n o t  p h y s i c a l ,  f ac to r s :  " S i g n a l s  
t h a t  are i n s i g n i f i c a n t  i n  t h e i r  p h y s i c a l  charac te r i s t ics  c a r r y  i n f o r -  
m a t i o n  c o n c e r n i n g  e v e n t s  wh ich  are s i g n i f i c a n t  f o r  man and o n l y  
i n d i r e c t l y ,  t h r o u g h  a change  i n  t h e  s t a t e  of t h e  b r a i n ,  e x e r t  power- 
f u l  effects  on  v a r i o u s  f u n c t i o n s  of t h e  organism."  Psychophysio-  
l o g i c a l  stress is  marked by o b j e c t i v e  s i g n s  and symptoms s u c h  as 
s h i f t s  i n  e lec t r ica l  a c t i v i t y  of t h e  b r a i n  and c h a n g e s  i n  a u t o -  
nomic and  motor f u n c t i o n s  (Simonov, 1975). Responses  t o  psycho- 
p h y s i o l o g i c  stress are n o t  a l w a y s  n e g a t i v e ;  t h a t  i s ,  some a u t h o r -  
i t i e s  b e l i e v e  t h a t  i t  i s  n e c e s s a r y  t o  m a i n t a i n  a l e v e l  of " i n t e r n a l  
stress'' as a means of p r e s e r v i n g  working c a p a c i t y ,  working " t o n e " ,  
and c o n s t a n t  r e a d i n e s s  ( S e v a s t ' y a n o v ,  1979; Simonov e t  a l . ,  1980). 

Simonov (1975) emphasized t h e  i m p o r t a n c e  o f  d e v e l o p i n g  
p r a c t i c a l ,  r e l iab le  methods for  m o n i t o r i n g  i n f l i g h t  crew perform- 
a n c e  and t o  d i a g n o s e  s h i f t s  i n  e m o t i o n a l  s ta te  so as t o  i n s t i t u t e  
i n t e r v e n t i o n s .  Cosmonauts have described i n s t a n c e s  of i n t e r p e r -  
s o n a l  h o s t i l i t y  between members of f l i g h t  c r e w s ;  a p p a r e n t l y  these 
were related t o  e x c e s s i v e  f a t i g u e  and were q u i c k l y  and a m i c a b l y  
r e s o l v e d  ( S e v a s t ' y a n o v ,  1979). I n s t a n c e s  of h o s t i l i t y  i n  communi- 
c a t i o n s  be tween spacecrews and ground c o n t r o l l e r s  have  o c c u r r e d  i n  
b o t h  t h e  U.S. and S o v i e t  space programs.  

I n  summary, f e w ,  i f  any i n s t a n c e s  of o v e r t  m a l a d a p t i v e  
e m o t i o n a l  r e s p o n s e s  t o  stresses of space f l i g h t  have  b e e n  docu- 
mented ,  and  c r i t i c a l  p s y c h o p h y s i o l o g i c  f u n c t i o n s  s u c h  as memory, 
c o n c e n t r a t i o n ,  v i g i l a n c e ,  i n f o r m a t i o n  p r o c e s s i n g ,  and dec i s ion -  
making have  a p p a r e n t l y  b e e n  unimpai red  e x c e p t  for  t r a n s i e n t  decre- 
ments  i n  pe r fo rmance  d u r i n g  episodes of space s i c k n e s s  ( B e r r y ,  
1974 ;  J o h n s t o n  and D i e t l e i n ,  1977;  J o h n s t o n  e t  a l . ,  1975 ;  Vorob 'yev 
e t  a l . ,  1984) .  I n d e e d ,  s t r i k i n g  examples  of p s y c h o p h y s i o l o g i c  
s t a b i l i t y  under  emergency c o n d i t i o n s  have  been  r e p o r t e d ;  f o r  
e x a m p l e ,  t h e  s u c c e s s f u l  r e c o v e r y  of t h e  Apollo 13 m i s s i o n  fol-  
lowing  r u p t u r e  of a m a i n  oxygen t a n k  ( J o h n s t o n  e t  a l . ,  1975). 

2. I n f l i g h t  P s y c h o l o g i c a l  S u p p o r t  

S o v i e t  p r a c t i c e  i n  p r o v i d i n g  p s y c h o l o g i c a l  
s u p p o r t i v e  measu res  d u r i n g  missions of 90 d o r  more s u g g e s t s  a 
s t r o n g  c o n v i c t i o n  of t h e i r  e f f i c a c y .  Myasnikov (1983) noted t h a t  
s u c h  m e a s u r e s  h e l p e d  s i g n i f i c a n t l y  t o  m a i n t a i n  a h i g h  e m o t i o n a l  
and work " t o n u s " .  H e  wrote: 

Dur ing  t h e  period of t h e  f i v e  main e x p e d i t i o n s  
( S a l y u t - 6  m i s s i o n s  l a s t i n g  from 75-185 d ,  Ed.)  
a n  onboard  v i d e o  and r e c o r d  l i b r a r y  w a s  o rgan-  
i z e d  for  t h e  cosmonauts '  l e i s u r e  h o u r s ,  wh ich  
i n c l u d e d  more t h a n  110 spectator  and music  pro- 
grams t a k e n  from among t h e  best of t h e  S o v i e t  
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and f o r e i g n  s c r e e n  and stage. A t o t a l  o f  132 
m e e t i n g s  were o r g a n i z e d  f o r  t h e  crews i n v o l v i n g  
1 2 1  r e p r e s e n t a t i v e s  o f  d i f f e r e n t  areas  o f  pub- 
l i c  l i f e :  p o l i t i c a l  r e v i e w e r s ,  s p o r t s  commenta- 
t o r s ,  s p e c i a l i s t s ,  s c i e n t i s t s ,  dramatic,  f i l m  
and v a r i e t y  ar t is ts  who, b e i n g  t h e  l o g i c a l  
s o u r c e  o f  i n f o r m a t i o n  fo r  t h e  crews, o f t e n  o f  a 
p e r s o n a l  n a t u r e ,  a l so  had a p o s i t i v e  psycho- 
t h e r a p e u t i c  e f f e c t  .. . " t a l k s  w i t h  f a m i l i e s  
e l i m i n a t e d  ne rvous  stress and e n v i g o r a t e d  u s  
f o r  more t h a n  a day .  A f t e r  t h e  ' m e e t i n g '  w i t h  
o u r  f a m i l i e s ,  w e  were r e a d y  t o  work w i t h o u t  
demanding rest a round  t h e  c l o c k " . . .  The e f f i -  
c a c y  o f  p s y c h o l o g i c a l  s u p p o r t ,  a l o n g  w i t h  o ther  
p r e v e n t i v e  m e a s u r e s ,  was c o n f i r m e d  b o t h  b y  t h e  
s t a t e m e n t s  of t h e  p a r t i c i p a n t s  o f  long- te rm 
space f l i g h t s  and t h e  r e s u l t s  o f  m e d i c a l  moni- 
t o r i n g  o f  t h e  cosmonau t s '  m e n t a l  s t a t u s  and 
work c a p a c i t y .  

L e s s  e l a b o r a t e  measu res  have  b e e n  used  i n  t h e  U.S. pro-  
grams which ,  e x c e p t  f o r  t h e  Sky lab  m i s s i o n s ,  were o f  r e l a t i v e l y  
s h o r t  d u r a t i o n  when compared w i t h  t h e  S a l y u t - 6  and 7 m i s s i o n s .  
Radio and v i d e o  communica t ions  w i t h  f a m i l i e s  and news ne tworks  
have  he lped  t o  m a i n t a i n  morale and t o  a l l e v i a t e  c o n c e r n s  a b o u t  
f a m i l i e s  and f r i e n d s .  

3. Anecdo ta l  I n f o r m a t i o n  

D e s p i t e  p u b l i s h e d  repor t s  t h a t  m i s s i o n  accompl i sh -  
ment h a s  been  un impa i red  by b e h a v i o r a l  and pe r fo rmance  problems, 
anecdotal i n f o r m a t i o n  from b o t h  S o v i e t  and American e x p e r i e n c e  
s u g g e s t s  t h a t  i n s t a n c e s  o f  a l t e r e d  b e h a v i o r  and pe r fo rmance  have  
o c c u r r e d .  The Working Group r e c o g n i z e s  t h a t  a n e c d o t a l  material  i s  
b o t h  l i m i t e d  and s k e t c h y  a t  b e s t .  I n d e e d ,  t h e r e  is  no way t o  
document i t s  v e r a c i t y .  N e v e r t h e l e s s ,  some of these r e p o r t s  pro-  
v i d e  a d d i t i o n a l  i n s i g h t  i n t o  poss ib le  p rob lems  o f  b e h a v i o r  and 
per formance  i n  space f l i g h t  t h a t  may be amenable  t o  r e s o l u t i o n  b y  
r e s e a r c h  t h a t  i d e n t i f i e s  p r e v e n t i v e  a p p r o a c h e s .  

B l u t h  (1981; 1984) h a s  reviewed m i s s i o n  r e p o r t s  and 
i n t e r v i e w e d  a r e l a t i v e l y  l a r g e  number o f  b o t h  American and S o v i e t  
s p a c e  f l i g h t  and ground p e r s o n n e l .  Accord ing  t o  B l u t h  (1984): 

Both t h e  Americans and S o v i e t s  h a v e  l o s t  d a t a ,  
r u i n e d  e x p e r i m e n t s ,  l o s t  e q u i p m e n t ,  and  mani- 
fested a l o n g  l i s t  o f  symptoms...  I t  i n c l u d e s :  
f a t i g u e ,  s l e e p  d i s o r d e r s ,  i r r i t a b i l i t y ,  depres- 
s i o n ,  a n x i e t y ,  mood f l u c t u a t i o n ,  h o s t i l i t y ,  
social  w i t h d r a w a l ,  v a c i l l a t i n g  m o t i v a t i o n ,  
boredom, t e n s i o n ,  and lowered e f f i c i e n c y .  
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B l u t h  (1981) reported t h a t  cosmonauts  were r e l u c t a n t  t o  
d i s c u s s  h o s t i l i t y  among crew members and be tween f l i g h t -  and ground- 
crews. Errors i n  d i s t a n c e  judgement  t h a t  compromised dock ing  proce- 
d u r e s  and d i s t u r b a n c e  of t i m e  s e n s e  have o c c u r r e d  (Beregovoy,  1979) 
as have  mistakes i n  p r e p a r a t i o n  f o r  l a n d i n g  (Leonov,  1979). H e l m r e i c h  
(1984) h a s  no ted  t h e  s i m i l a r i t y  of c o n f l i c t s  and  i n s t a n c e s  of lack of 
c o o p e r a t i o n  be tween f l i g h t -  and groundcrews  i n  b o t h  American and 
S o v i e t  s p a c e  f l i g h t s  to  s i m i l a r  i n c i d e n t s  e x p e r i e n c e d  i n  t h e  S e a l a b  
and T e k t i t e  e x p e r i m e n t s .  Even though p r e f l i g h t  s i m u l a t i o n s  s u g g e s t  
t i m e - l i n e s  fo r  p r o c e d u r e s  d u r i n g  f l i g h t  and a p p r o a c h  and l a n d i n g  are 
f e a s i b l e ,  " t i m e  compression" appears t o  be a r e c o g n i z e d  phenomenon. 

Whi l e  NASA h a s  i n s t i t u t e d  o p e r a t i o n a l  measu res  to  address 
these t y p e s  of p r o b l e m s ,  t h e i r  e x i s t e n c e  s u g g e s t s  t h a t  a d d i t i o n a l  
c a r e f u l  a n a l y s i s  and d e f i n i t i o n ,  t oge the r  w i t h  i n v e s t i g a t i o n a l  
approaches would enhance  opera t iona l  s a f e t y  and p r e s e r v e  o p t i m a l  
crew pe r fo rmance .  

Unpubl i shed  i n f o r m a t i o n  from t h e  S o v i e t  space program 
i n d i c a t e s  t h a t ,  d u r i n g  some of t h e  long-term m i s s i o n s ,  cosmonauts  
have  e x p e r i e n c e d  per iods of m e n t a l  d e p r e s s i o n  for  which  v a r i o u s  
i n t e r v e n t i o n  t e c h n i q u e s  were r e q u i r e d  i n c l u d i n g  p r i v a t e  r ad io  
t a l k s  w i t h  t h e i r  f l i g h t  s u r g e o n s  and t r u s t e d  cosmonaut f r i e n d s  on 
t h e  g round .  O t h e r  methods of i n f l i g h t  p s y c h o l o g i c a l  s u p p o r t  of 
t h e  cosmonau t s  are n o t e d  o n  page 9. 

B. EXPERIENCE FROM ANALOGOUS ACTIVITIES 

Marked l i m i t a t i o n  i n  t h e  a c t u a l  numbers of p e o p l e  who have  
p a r t i c i p a t e d  i n  space f l i g h t s  a n d ,  more s i g n i f i c a n t l y ,  t h e i r  r e l a t i v e  
i n a c c e s s i b i l i t y  f o r  e x p e r t  o b s e r v a t i o n  and t e s t s ,  make it n e c e s s a r y  
to  look elsewhere fo r  i n f o r m a t i o n  on  p s y c h o l o g i c  aspects of human 
a c t i v i t i e s  i n  u n u s u a l  e n v i r o n m e n t s  under  c o n d i t i o n s  of conf inemen t  
and i s o l a t i o n .  Envi ronments  s u c h  as l a r g e ,  m u l t i - c r e w  a i r c r a f t ,  l ong-  
r a n g e  s u b m a r i n e s ,  u n d e r s e a  h a b i t a t s ,  and isolated s c i e n t i f i c  and o p e r a -  
t i o n a l  s t a t i o n s  w i t h  small- to-medium-sized crews have  c e r t a i n  character- 
i s t ics  i n  common w i t h  t h e  con templa t ed  space s t a t i o n .  They f e a t u r e  
p h y s i c a l l y  i so la ted  g r o u p s  of o p e r a t i o n a l  and s c i e n t i f i c  p e r s o n n e l  
d o i n g  complex and r o u t i n e  tasks o v e r  p e r i o d s  of weeks o r  months.  They 
e x p e r i e n c e  c o n f i n e m e n t ,  min imal  p r i v a c y ,  and v a r y i n g  d e g r e e s  of p h y s i -  
ca l  discomfort and p o t e n t i a l  dange r .  Such e n t e r p r i s e s  have  l e n t  them- 
s e l v e s  t o  e x p e r t  b e h a v i o r a l  science o b s e r v a t i o n s  as w e l l  as t o  l i m i t e d  
e x p e r i m e n t s  and  tests (Vinograd  , 1974). 

The o c c u r r e n c e  of a b e r r a n t  p s y c h o l o g i c a l ,  p s y c h o s o c i a l ,  and 
p s y c h o p h y s i o l o g i c  r e s p o n s e s  has  been reported d u r i n g  medium and l o n g  
submar ine  m i s s i o n s  (Earls ,  1969; S e r x n e r ,  1968; Tansey e t  a l . ,  1979; 
Weybrew, 1957); w h i l e  l i v i n g  and working i n  u n d e r s e a  h a b i t a t s  
. (Deutsch ,  1971 ;  Helmreich,  1971a, 1973; Rad lo f f  and Helmre ich ,  
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1 9 6 8 ) ;  and  w h i l e  o p e r a t i n g  polar s t a t i o n s  (Gunder son ,  1968, 1973;  
S t r a n g e  and K l e i n ,  1973). Adverse effects have  r anged  from bore- 
dom and l i s t l e s s n e s s  t h r o u g h  h e i g h t e n e d  a n x i e t y  w i t h  psychosomat i c  
symptoms, s leep  d i s t u r b a n c e s ,  f a t i g u e ,  and impaired c o g n i t i o n  t o  
i r r i t a b i l i t y ,  h o s t i l i t y ,  d e p r e s s i o n ,  and d e t e r i o r a t i o n  of pe r son-  
a l i t y .  Table  2 l ists  examples  of o b s e r v e d  r e s p o n s e s .  Despite t h e  
s t r e s s f u l  n a t u r e  of some of t h e  l i s t ed  e n v i r o n m e n t s  and t h e  asso- 
ciated per formance  r e q u i r e m e n t s ,  human a b i l i t y  t o  a d a p t  and perform 
e f f e c t i v e l y  i n  s u c h  c i r c u m s t a n c e s  h a s  r e p e a t e d l y  been d e m o n s t r a t e d .  

P s y c h o l o g i c a l  and p s y c h o s o c i a l  s t u d i e s  of crews and tes t  
s u b j e c t s  i n v o l v e d  i n  s u c h  s p a c e  a n a l o g u e s  have  i d e n t i f i e d  p o s i t i v e  
and n e g a t i v e  b e h a v i o r a l  r e s p o n s e s ,  s t r e s s f u l  e n v i r o n m e n t a l  fac- 
t o r s ,  and p e r s o n a l  q u a l i t i e s  f a v o r i n g  s u c c e s s f u l  p a r t i c i p a t i o n .  
They have d e f i n e d  i n d i v i d u a l  and g r o u p  factors  t h a t  promote g r o u p  
c o h e s i o n ,  improve  morale, and s u p p o r t  improved pe r fo rmance  (Angi- 
b o u s t ,  1967; Chambers,  1964; Chambers and F r i e d ,  1963 ;  K u b i s ,  1972;  
NASA, 1966; Smi th ,  1969;  Trego and S e l l s ,  1970). D a t a ,  p r o c e d u r e s ,  
and sc ien t i f ic  p r i n c i p l e s  d e r i v e d  from s u c h  s t u d i e s  are. appl icable  
t o  t h e  s p a c e  s t a t i o n  as w e l l  as t o  t h e  S h u t t l e  Program,  i n  terms 
of crew s e l e c t i o n  and t r a i n i n g ,  improved h a b i t a b i l i t y  and psycho- 
l og ica l  support .  Moreover ,  s u c h  i n f o r m a t i o n  c o u l d  f a c i l i t a t e  t h e  
development  w i t h i n  NASA of u r g e n t l y  needed c a p a b i l i t i e s  fo r  par t ic i -  
p a t i o n  of b e h a v i o r a l  s c i e n t i s t s  i n  NASA's t r a i n i n g  p rograms ,  s p a c e  
m i s s i o n  s i m u l a t i o n s ,  S h u t t l e  f l i g h t s ,  d e t a i l e d  t a s k  a n a l y s e s  of 
space- a n d  groundcrews  and d e s i g n  s t u d i e s  of t h e  s p a c e  s t a t i o n  
i t s e l f .  

C. PAST RECOMMENDATIONS OF SCIENTIFIC ADVISORY GROUPS 

Comparison of t h e  recommendat ions  of past  s c i e n t i f i c  
a d v i s o r y  g r o u p s  w i t h  t h e  c u r r e n t  research program (RTOP N o .  
199-22-62, Psycho logy ;  see page  33),  s u g g e s t s  t h a t  w i d e l y  d i v e r -  
g e n t  views on  t h e  v a l u e  of research i n  t h i s  f i e l d  have  l o n g  
e x i s t e d  i n  NASA. A major s t u d y  i n i t i a t e d  i n  1967 by t h e  Space  
S c i e n c e  Board of t h e  N a t i o n a l  Academy of S c i e n c e s  on b i o m e d i c a l  
and human factors  aspects of manned space f l i g h t  i d e n t i f i e d  impor- 
t a n t  gaps i n  knowledge and recommended s u b s t a n t i a l  research i n  
p e r t i n e n t  areas of t h e  b e h a v i o r a l  s c i e n c e s  ( L i n d s l e y ,  1972) .  An 
ad hoc p a n e l  r e sponded  t o  a NASA r e q u e s t  for  a s s e s s m e n t  of i t s  
research program on b e h a v i o r  and p e r f o r m a n c e ,  n o t i n g  lack o f :  
(1) an o v e r a l l  s t r a t e g y  for  t h e  p rogram;  ( 2 )  c o n s i d e r a t i o n  of 
l o n g - d u r a t i o n  s p a c e  m i s s i o n s  w i t h  autonomous c r e w s ;  and ( 3 )  con- 
s i d e r a t i o n  of t h e  p s y c h o s o c i a l  aspects of manned s p a c e  m i s s i o n s  
( N e f f ,  1977) .  

N A S A ' s  program i n  human b e h a v i o r  and pe r fo rmance  was 
appraised by t h e  L i f e  S c i e n c e s  Adv i so ry  Committee of t h e  NASA 
Adv i so ry  Counc i l  (Whedon, 1978). O v e r a l l ,  t h e  C o m m i t t e e  r e g a r d e d  
t h e  e f f o r t s  and p r i o r i t i e s  i n  t h e  c o n t e m p o r a r y  a c t i v i t y  as ade- 
q u a t e  t o  s u p p o r t  NASA's p l anned  programs. They r e c o g n i z e d ,  how- 
e v e r ,  t h a t  new social  and b e h a v i o r a l  q u e s t i o n s  r e g a r d i n g  small 
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g r o u p  i n t e r a c t i o n s  m i g h t  a r i se  as t y p e s  and  d u r a t i o n s  of space 
missions change  i n  t h e  f u t u r e  and as t h e  c o m p o s i t i o n  of space 
teams d i v e r s i f i e s .  They recommended t h a t  research on  b e h a v i o r  
and per formance  c o n t i n u e  t o  be s u p p o r t e d  b e c a u s e  of t h e  l o n g  lead 
times r e q u i r e d  " t o  a c h i e v e  p r a c t i c a l l y  u s a b l e  i n f o r m a t i o n  for  
a p p l i c a t i o n  t o  o p e r a t i o n a l  space f l i g h t  r e q u i r e m e n t s . "  

Another  major s t u d y  of NASA's n e e d s  i n  t h e  space l i f e  
s c i e n c e s  conduc ted  by  t h e  C o m m i t t e e  on Space Bio logy  and Medic ine  
of t h e  Space S c i e n c e  Board e x c l u d e d  c o n s i d e r a t i o n  of b e h a v i o r a l  
and social  problems e x c e p t  f o r  r e f e r e n c e  t o  t h e  e x i s t e n c e  of 
p s y c h o s o c i a l  stressors and s p a t i a l  i l l u s i o n s  d u r i n g  space m i s -  
s i o n s ,  a s u g g e s t i o n  t h a t  biofeedback t e c h n i q u e s  be f u r t h e r  
e x p l o r e d  i n  r e l a t i o n  t o  space s i c k n e s s ,  and recommendat ions  f o r  
a d d i t i o n a l  s t u d i e s  of p r o t e c t i v e  a d a p t a t i o n  t o  mot ion  s i c k n e s s  
(Bricker , 1979). 

I n  1980, a NASA a d v i s o r y  p a n e l  ( K u b i s ,  1980) recommended 
c o n s i d e r a b l e  e x p a n s i o n  of N A S A ' s  research i n  b e h a v i o r  and perform- 
a n c e  t o  i n c l u d e :  (1) t o t a l  sys%em s t u d i e s ,  i n c l u d i n g  ground-based 
and s p a c e  f l i g h t  teams; ( 2 )  b e h a v i o r a l  and soc ia l  i n t e r a c t i o n s  of 
spacecrews and g roundcrews  composed of a s t r o n a u t s ,  n o n a s t r o n a u t  
s c i e n t i s t s  and o t h e r s ,  of both  s e x e s  and d i f f e r e n t  races; ( 3 )  d e s i g -  
n a t i o n  and management of a u t h o r i t y  i n  t h e  s y s t e m ;  ( 4 )  per fo rmance  
i n c l u d i n g  measurements  d u r i n g  S h u t t l e  s i m u l a t i o n s  a t  JSC; (5) long-  
t e r m  ma in tenance  of c r i t i c a l  pe r fo rmance  s k i l l s ;  ( 6 )  c a u s e s  and 
d i a g n o s i s  of m e n t a l  o v e r l o a d ,  i n c l u d i n g  development  of onboa rd  mon- 
i t o r i n g  c a p a b i l i t y ;  ( 7 )  deve lopment  of means t o  i d e n t i f y  " s y s t e m s  
o v e r l o a d "  and to  m o n i t o r  s y s t e m  t r e n d s ;  (8) o p t i m a l  d i v i s i o n  of 
f u n c t i o n  be tween au tomated  and crew-operated p a r t s  of t h e  space 
s y s t e m ;  and (9) b e h a v i o r a l  m e d i c i n e  as a p r e v e n t i v e  and s u p p o r t i v e  
approach t o  optimal pe r fo rmance .  I n  a d d i t i o n ,  t h e  p a n e l  recom- 
mended t h a t  NASA m a i n t a i n  competence  i n  t h e  s c i e n c e  of b i o r h y t h m s  
as t h e y  re la te  t o  f a t i g u e ,  a l e r t n e s s ,  s u s t a i n e d  p e r f o r m a n c e ,  
work/rest p a t t e r n s ,  and soc ia l  i n t e r a c t i o n .  

A more r e c e n t  e v a l u a t i o n  of NASA's research n e e d s  i n  
human behavior  ( B r a d y ,  1983) emphasized t h e  d e s i r a b i l i t y  of a n  
expanded b e h a v i o r a l  s c i e n c e  data base t o  s u p p o r t  f u t u r e  space 
m i s s i o n s .  A series of recommendat ions  was made for  f u r t h e r  
research i n  t h i s  area. Areas i n c l u d e d :  (1) s e l e c t i o n ,  t r a i n i n g ,  
and o r g a n i z a t i o n  f u n c t i o n s ;  ( 2 )  p h y s i o l o g i c a l  a d a p t a t i o n  and sta- 
b i l i t y ;  ( 3 )  o p e r a t i o n a l  pe r fo rmance  r e q u i r e m e n t s  and g e n e r a l  l i v -  
i n g  c o n d i t i o n s ;  (4 )  c o n c e p t u a l  and methodological approaches t o  
long-term research r e q u i r e m e n t s ;  a n d  (5 )  g e n e r a l  i m p l e m e n t a t i o n  
c o n s i d e r a t i o n s .  

NASA h a s  r e q u e s t e d  and r e c e i v e d  o v e r  t h e  y e a r s ,  a number 
of s u g g e s t i o n s  and r epor t s  on  aspects of human b e h a v i o r  and per- 
formance i n  shor t -  and  long- te rm space m i s s i o n s .  A s  w i t h  most 
p r e v i o u s  e x p e r t  g r o u p s ,  t h e  LSRO ad hoc Working Group on Behav io r  
and Per formance  i s  c o n v i n c e d  of t h e  p rac t i ca l  p o t e n t i a l  of a n  
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expanded research program t h a t  w i l l  p r o v i d e  data and p r o c e d u r e s  
for  o p t i m i z i n g  i n d i v i d u a l  and group pe r fo rmance  of b o t h  space- and 
groundcrews  i n  f u t u r e  m i s s i o n s  of b o t h  t h e  S h u t t l e  and  t h e  s p a c e  
s t a t i o n  (see S e c t i o n s  I V  and V ) .  
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I V .  OBSERVATIONS OF THE LSRO ad hoc WORKING GROUP ON 
BEHAVIOR AND PERFORMANCE 

T h e  Working Group r e p r e s e n t s  broad e x p e r t  i n v e s t i g a t i v e  
e x p e r i e n c e  i n  s u c h  p e r t i n e n t  areas as e x p e r i m e n t a l ,  c o g n i t i v e ,  
e n g i n e e r i n g ,  and social  psycho logy ,  p s y c h i a t r y ,  and  aerospace 
m e d i c i n e  (see l ist  of p a r t i c i p a n t s  i n  S e c t i o n  V I I ) .  I n  a d d i t i o n ,  
four members have  par t ic ipa ted  i n  NASA a c t i v i t i e s  ei ther d i r e c t l y ,  
c o n t r a c t u a l l y ,  or as s c i e n t i f i c  a d v i s o r s .  I n f o r m a t i o n  s o u r c e s  
a v a i l a b l e  t o  t h e  ad hoc Group i n c l u d e d  d e t a i l e d  w r i t t e n  and o ra l  
d e s c r i p t i o n s  of N A S A ' s  c u r r e n t  research i n  p s y c h o l o g y ,  s e l e c t i o n s  
from t h e  l i terature ,  b r i e f i n g s  o n  p s y c h o l o g i c a l  and  social  prob-3 
lems of space f l i g h t ,  and p l a n s  f o r  t h e  space s t a t i o n  from t h e  
p o i n t  of view of t h e  l i f e  s c i e n c e s .  

A. DETERMINANTS OF HUMAN BEHAVIOR AND PSYCHOLOGICAL 
WELL-BEING 

T h e  p r i n c i p a l  fac tors  t h a t  i n f l u e n c e  t h e  b e h a v i o r a l  
r e s p o n s e s  of spacecrew and associated o p e r a t i o n a l  p e r s o n n e l  are 
l i s t ed  i n  Table 1. C e r t a i n  of t h e s e  were cons idered  i n  d e t a i l  by 
t h e  ad hoc Group; however ,  an  absence of comment on some of t h e  
items i n  t h e  t ab l e  s h o u l d  n o t  s u g g e s t  t h e y  are c o n s i d e r e d  unim- 
p o r t a n t  as factors  t h a t  may a f f e c t  b e h a v i o r  and pe r fo rmance .  

1. C u r r e n t  S t a t e  of Knowledge 

a .  P e r c e p t i o n  

The s m a l l  i n f l i g h t  a l t e r a t i o n s  of v i s u a l  
pe r fo rmance  parameters reported by S o v i e t  i n v e s t i g a t o r s  (see 
page  8 )  t e n d  toward p r e f l i g h t  v a l u e s  as m i s s i o n s  p r o c e e d ,  and 
S o v i e t  space medical sc ien t i s t s  have c o n c l u d e d  t h a t  i n f l i g h t  
v i s u a l  f u n c t i o n  is as re l iab le  as on E a r t h  ( N i c o g o s s i a n  and 
P a r k e r ,  1982). Moreover ,  t h e  e s s e n t i a l l y  n e g a t i v e  r e s u l t s  of 
tests t o  detect  i n f l i g h t  and p o s t f l i g h t  changes  i n  v i s u a l  per- 
formance  d u r i n g  t h e  Gemini program ( N i c o g o s s i a n  and  P a r k e r ,  1982)  
and  t h e  a p p a r e n t  lack of a b b e r a t i o n s  of v i s u a l  pe r fo rmance  i n  t h e  
A p o l l o  and S k y l a b  m i s s i o n s  have  not s u g g e s t e d  a need for much 
f u r t h e r  s c i e n t i f i c  i n v e s t i g a t i o n  of v i s u a l  pe r fo rmance  i n  space 
f l i g h t .  However, as n o t e d  on page 8 ,  some t r a n s i t o r y  c h a n g e s  i n  
v i s u a l  p e r f o r m a n c e  have  been  r e p o r t e d ,  and NASA i s  c o n d u c t i n g  more 
sophis t ica ted  tests of i n f l i g h t  v i s u a l  f u n c t i o n  t h a n  have  been  
feasible  i n  t h e  past. Moreover ,  improved means of a i d i n g  o p t i c a l  
accommodation for  d i s t a n t  objects i n  u n s t r u c t u r e d  v i s u a l  f i e l d s  
are needed ;  for  example ,  a d e v i c e  t h a t  projects  a p a t t e r n  a t  
i n f i n i t y  (Whi tes ide ,  1965) and methods of accommodation c o n t r o l  
(Roscoe, 1982)  
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S i m i l a r l y ,  f u t u r e  p l a n s  s h o u l d  i n c l u d e  p r e c i s i o n  i n f l i g h t  
measurement of h e a r i n g ,  made a t  selected times d u r i n g  a m i s s i o n  
i n c l u d i n g  t h e  e a r l y  h o u r s  and d a y s .  In  a d d i t i o n ,  i n f l i g h t  tests 
s h o u l d  be d e v i s e d  t o  detect possible c h a n g e s  i n  o l f a c t i o n  and gus-  
t a t i o n .  NASA's c u r r e n t  program fo r  i n f l i g h t  a s s e s s m e n t  of ves -  
t i b u l a r  f u n c t i o n  i s  p r o b a b l y  s u f f i c i e n t ;  however ,  i n s t a n c e s  of 
d i s o r i e n t a t i o n  d u r i n g  o rb i t a l  i n s e r t i o n  and r e e n t r y  appear t o  be 
i n a d e q u a t e l y  d e f i n e d ,  e s p e c i a l l y  as regards o p e r a t i o n a l  s i g n i f i -  
c a n c e .  Such d i s o r i e n t a t i o n  s h o u l d  be  t h e  s u b j e c t  of e x p e r t  
i n f l i g h t  o b s e r v a t i o n  a n d ,  i f  f e a s i b l e ,  fo l low-up ground-based 
i n v e s t i g a t i o n .  

b .  C o g n i t i o n  

One p e r c e p t u a l - c o g n i t i v e  phenomenon t h a t  s h o u l d  
be  i n v e s t i g a t e d  s c i e n t i f i c a l l y  is  so-called " t i m e  compress ion"  
(see pagel l ) .  I t  is  u n d e r s t o o d  t h a t  NASA h a s  a l l e v i a t e d  t h i s  
problem of a p p a r e n t  o p e r a t o r  o v e r l o a d  d u r i n g  S h u t t l e  l a n d i n g  
approach by o p e r a t i o n a l  means;  however ,  t i m e  compress ion  is n o t  
w e l l  enough d e f i n e d  t o  be  set aside as i n s i g n i f i c a n t .  I t  p r o b a b l y  
c o n t a i n s  e l e m e n t s  of e x c e s s i v e  m e n t a l  workload,  i n f o r m a t i o n  
o v e r l o a d ,  and c o g n i t i v e  p r o c e s s i n g  i n v o l v i n g  i n f e r e n c e s ,  j u d g e -  
m e n t ,  a n d  d e c i s i o n - m a k i n g ,  f o r  wh ich  t h e  da ta  bases are i n s u f -  
f i c i e n t .  For i n s t a n c e ,  S h e r i d a n  e t  a l .  (1983) n o t e d :  " F o r  human 
s u p e r v i s i o n  to  b e  r e a l l y  e f f e c t i v e ,  a d e t a i l e d  u n d e r s t a n d i n g  of 
how t h e  human cont ro l le r  g r a s p s  a complex s y s t e m  a t  any  moment i n  
t i m e  and updates  i t  o v e r  t i m e  i s  n e c e s s a r y . "  E l u c i d a t i n g  t h e  
m e n t a l  p r o c e s s e s  i n v o l v e d  i n  t h e  o v e r l o a d e d  operator w i l l  r e q u i r e  
s u b s t a n t i a l  a d d i t i o n a l  research i n  s u c h  areas as c o g n i t i v e  s y s t e m s  
(Landman and Hunt ,  1982;  Navon and Gopher ,  1979 ;  P o s n e r ,  1 9 7 8 ,  
1980), m e n t a l  w o r k l o a d ,  i n f e r e n c i n g ,  r e a s o n i n g ,  and d e c i s i o n -  
making ,  and t h e  i n t e r a c t i o n  of stress, e m o t i o n s ,  a t t e n t i o n  and 
c o g n i t i v e  processes (Bower,  1981;  P o s n e r  and R o t h b a r t ,  1980) .  

LSRO i s  aware t h a t  NASA employs a s y s t e m a t i c  p r o c e d u r e  
f o r  i n v e s t i g a t i n g  o p e r a t i o n a l  i n c i d e n t s .  C a r e f u l  a n a l y s i s  of s u c h  
i n c i d e n t s  may o f f e r  a v a l u a b l e  approach to  improv ing  f l i g h t  
s a f e t y ,  operator p e r f o r m a n c e ,  and deve lopmen t  of p r e v e n t i v e  tech- 
n i q u e s .  F o r  example ,  i n  t h e  A i r  F o r c e ,  f l i g h t  s a f e t y ,  crew p e r -  
f o r m a n c e ,  and human e n g i n e e r i n g  d e s i g n  of w o r k s p a c e s ,  d i s p l a y s ,  
and c o n t r o l s  have  b e n e f i t e d  from c r i t i c a l  i n c i d e n t  r e p o r t i n g  and 
a n a l y s i s  ( F i t t s  and J o n e s ,  1947a , b ;  S i n a i k o ,  1961). 

c. P e r c e p t u a l - m o t o r  F u n c t i o n  

E x p e r i e n c e  w i t h  manned space f l i g h t  and e x t r a -  
v e h i c u l a r  a c t i v i t y  ( E V A )  s u g g e s t s  t h a t ,  fo r  t h e  tasks performed t o  
d a t e ,  no s e r i o u s  impa i rmen t s  of p e r c e p t u a l - m o t o r  f u n c t i o n s  have  
o c c u r r e d .  T h i s  i n c l u d e s  e x t e n s i v e  S o v i e t  e x p e r i e n c e ,  American EVA 
e x p e r i e n c e  on t h e  Moon (288 man-hours) ,  10 EVAs ( 8 2  man-hours) t o  
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repair t h e  Skylab Orbi ter  Workshop, and a c o n s i d e r a b l e  accumula- 
t i o n  of EVA e x p e r i e n c e  i n  t h e  S h u t t l e  Program. Rapid adaptat ion 
of p e r c e p t u a l - m o t o r  f u n c t i o n s  i n  w e i g h t l e s s n e s s  has  e v i d e n t l y  
o c c u r r e d  i n  a l l  space f l i g h t s .  On t h e  other  hand ,  impaired motor 
f u n c t i o n  has  been  common af ter  l o n g  m i s s i o n s ,  and v i g o r o u s  i n f l i g h t  
e x e r c i s e s  have fa i led to  p r e v e n t  i t .  Atrophy of skeletal  musc le  
accompanied b y  a decrease i n  muscle s t r e n g t h  has  been documented 
i n  t h e  Skylab Program and other long-term f l i g h t s  (Gazenko e t  a l . ,  
1981;  Herb i son  and Talbot ,  1984;  Thornton and R u m m e l  , 1977). 
Whether d e g r a d a t i o n  i n  neuromuscular  c o n t r o l  of f i n e  movements of 
t h e  hands  and f i n g e r s  may o c c u r  i n  these c i r c u m s t a n c e s  is  n o t  
known, b u t  s h o u l d  be i n v e s t i g a t e d  d e s p i t e  t h e  g e n e r a l l y  accepted 
c o n c l u s i o n  t h a t  spacecrew performance  has been  e q u a l  to  t h e  
o p e r a t i o n a l  r e q u i r e m e n t s  of g i v e n  missions. 

d .  P s y c h o l o g i c a l  S t a b i l i t y  

Psychological s t a b i l i t y ,  a mandatory  charac- 
ter is t ic  of c a n d i d a t e s  fo r  spacecrews  (Kub i s  and McLaughlin,  1967;  
L o f t u s  e t  a l . ,  1975), i s  g e n e r a l l y  c o n s i d e r e d  a pa r t  of t h e  make- 
up of  a no rma l  i n d i v i d u a l .  I n  s p a c e  f l i g h t ,  as i n  o ther  more or  
less s t r e s s f u l  e n d e a v o r s ,  m a i n t a i n i n g  psychological  s t a b i l i t y  
depends  upon s u c h  factors as i n t e l l i g e n c e ,  p h y s i c a l  and m e n t a l  
a d a p t a b i l i t y ,  phys io log ic  h o m e o s t a s i s ,  m o t i v a t i o n ,  t r a i n i n g ,  expe r -  
i e n c e ,  and  m a t u r i t y .  The p h y s i c a l  e n v i r o n m e n t ,  workload,  m i s s i o n  
d u r a t i o n ,  and emotional r e s p o n s e s  to i n t e r p e r s o n a l  annoyances ,  
h a z a r d o u s  i n c i d e n t s ,  e n v i r o n m e n t a l  monotony, p h y s i c a l  discomfort, 
and o the r  e l e m e n t s  a l l  c a n  i n f l u e n c e  psychological s t a b i l i t y .  

P e r s o n a l i t y  t r a i t s  considered desirable  i n  members of  
spacecrews have  been  i d e n t i f i e d  and  are t a k e n  i n t o  a c c o u n t  i n  t h e  
s e l e c t i o n  process (Chambers and F’ried , 1963; E p s t e i n  , 1980; Leonov 
and Lebedev,  1973; McGuire, 1984a; Ruff and Levy, 1959;  Trego and 
Sel ls ,  1970). With regard to  the  psycho log ica l  aspects of selec- 
t i o n ,  NASA c u r r e n t l y  relies on t h e  r e s u l t s  of e x p e r t  p sych ia t r i c  
i n t e r v i e w s  t o  i d e n t i f y  p e r s o n s  w i t h  appropriate  psychological char- 
acter is t ics  and t o  e l i m i n a t e  from c o n s i d e r a t i o n  those w i t h  psycho- 
p a t h o l o g y .  

I n  t h e  o p i n i o n  of t h e  ad hoc  Working Group,  a v a i l a b l e  
knowledge is a d e q u a t e  fo r  optimal psychological s e l e c t i o n  of i n d i -  
v i d u a l s  fo r  space- and groundcrews.  On t h e  other h a n d ,  desp i t e  
some progress i n  i d e n t i f y i n g  favorable p e r s o n a l i t y  characterist ics 
and p r o c e d u r a l  i n f l u e n c e s  (Brady and E h u r i a n ,  1979; Ehur i an  and 
Brady , 1984 ; Helmreich,  1983;  Helmreich et  a l .  , 1980a ,b)  , c u r -  
r e n t l y  a v a i l a b l e  i n f o r m a t i o n  is i n s u f f i c i e n t  on how t o  select per- 
s o n s  who w i l l  be t h e  most compatible i n  d y a d s ,  t r i ads ,  or  larger  
g r o u p s .  For t h e  space s t a t i o n ,  as a n  example ,  crew s e l e c t i o n  and 
h i g h  t e c h n i c a l  p r o f i c i e n c y  w i l l  not . g u a r a n t e e  a c o h e s i v e ,  smooth ly  
f u n c t i o n i n g  g roup .  I n  t h e  pas t ,  a v a l u a b l e  means of d e m o n s t r a t i n g  
t h e  p r o b a b i l i t y  of crew compatibi l i ty  i n v o l v e d  years or months of 
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i n t i m a t e ,  p r e m i s s i o n  associat ion i n  t r a i n i n g  and recreation. T h i s  
may b e  a f e a s i b l e  p a r t  of t h e  crew f a m i l i a r i z a t i o n  process fo r  t h e  
s p a c e  s t a t ion .  I n  a d d i t i o n  to  t h e  cus tomary  i n t e n s i v e  t r a i n i n g  
programs f o r  each space sys t em and c a r e f u l  o r g a n i z a t i o n  of t h e  
crew i n  terms of l eade r sh ip ,  f u n c t i o n a l  s t r u c t u r e ,  and a l loca t ion  
of r e s p o n s i b i l i t i e s ,  p l a n s  s h o u l d  i n c l u d e  s o c i a l  s e n s i t i v i t y  t r a i n -  
i n g  and s u f f i c i e n t  c r o s s - t r a i n i n g  i n  s p e c i a l i z e d  t e c h n i c a l  s k i l l s  
t o  pe rmi t  some ro ta t ion  o f  members i n  and o u t  of t h e  more i n t e r e s t -  
i n g  m i s s i o n  a c t i v i t i e s .  Such role s h a r i n g  h a s  been shown t o  
improve g r o u p  c o h e s i v e n e s s  and p r o d u c t i v i t y  (Helmre ich ,  1972 ;  
Helmreich and Radlof f  , 1973) .  

F a t i g u e  h a s  proved  to  be  a p a r t i c u l a r l y  i m p o r t a n t  neg- 
a t i v e  i n f l u e n c e  on p s y c h o l o g i c a l  s t a b i l i t y ,  human r e l i a b i l i t y ,  and 
p r o d u c t i v i t y .  Means for  i t s  p r e v e n t i o n  have  been  i d e n t i f i e d  from 
c u m u l a t i v e  space f l i g h t  e x p e r i e n c e ,  a d e q u a t e  sleep b e i n g  t h e  most 
s i g n i f i c a n t  e l emen t  ( L o f t u s  et  a l . ,  1975). Space  s t a t i o n  d e s i g n  
and mis s ion  p l a n n i n g  w i l l ,  no  d o u b t ,  emphas ize  p r o v i s i o n s  f o r  
a d e q u a t e  s l e e p .  

e. M o t i v a t i o n  

The power fu l  i n f l u e n c e  of m o t i v a t i o n  as a p r ime  
mover of human accomplishment i s  wide ly  r e c o g n i z e d .  I t  w i l l  b e  a 
k e y s t o n e  of p r o d u c t i v i t y  i n  t h e  s p a c e  s t a t i o n  as w e l l  as i n  f u t u r e  
S h u t t l e  m i s s i o n s .  Expe r t  o p i n i o n  s u g g e s t s  t h a t  d e v e l o p i n g  and 
m a i n t a i n i n g  good m o t i v a t i o n  may p r o v e  d i f f i c u l t  f o r  l o n g ,  rela- 
t i v e l y  r o u t i n e  m i s s i o n s  t h a t  may lack t h e  glamour and p i o n e e r i n g  
interest and s t i m u l a t i o n  of ear l ier  manned s p a c e  programs.  If 
t h i s  s u p p o s i t i o n  is  correct,  t h e  need for  i d e n t i f y i n g  and imple-  
m e n t i n g  methods of a s s u r i n g  proper m o t i v a t i o n  a p p e a r s  essent ia l .  
Involved  are s u c h  i s s u e s  as s p a c e  sys t em o r g a n i z a t i o n ,  command and 
c o n t r o l ,  s p a c e  s t a t i o n  autonomy,  ro le  s h a r i n g ,  p s y c h o l o g i c a l  sup- 
p o r t ,  career deve lopmen t ,  growth p o t e n t i a l ,  and i n c e n t i v e s .  
Assistance i n  these areas is a v a i l a b l e  from a number of d i s c i p l i n e s  
i n  t h e  b e h a v i o r a l  and social  s c i e n c e s  i n c l u d i n g  t h e  f o l l o w i n g  
b r a n c h e s  of t h e  b road  f i e l d  of p s y c h o l o g y :  c l i n i c a l ,  c o u n s e l i n g ,  
community, e n g i n e e r i n g ,  e n v i r o n m e n t a l ,  e x p e r i m e n t a l ,  i n d u s t r i a l /  
o r g a n i z a t i o n a l ,  and social .  

f .  Per formance  

Two a s p e c t s  of t h e  s u b j e c t  of crew per fo rmance  
were emphasized by t h e  ad hoc Working Group: lack of e x p e r t  
assessment by b e h a v i o r a l  s c i e n t i s t s  d u r i n g  p r e f l i g h t  t r a i n i n g ,  
s i m u l a t i o n s ,  and i n f l i g h t ;  and t h e  i n a d e q u a t e  s ta te  of knowledge 
of g r o u p  performance under  c o n d i t i o n s  of emotional stress s u c h  as 
i n  emergencies .  Despi te  t h e  i m p r e s s i v e  records of ach ievemen t  i n  
t h e  American a n d  S o v i e t  manned space programs, q u e s t i o n s  have  
a r i s e n  on w h e t h e r  crew per fo rmance  h a s  g e n e r a l l y  been optimal a n d ,  
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if n o t ,  what were t h e  c a u s e s ?  No data from a c t u a l  performance 
a s s e s s m e n t s  of spacecrew members were a v a i l a b l e  to  t h e  Working 
Group. 

I n  v i ew of t h e  c u r r e n t  p l a n n i n g  emphasis on p r o d u c t i v i t y  
of t h e  f u t u r e  space s t a t i o n  crews (Cramer, 1984), and i n  t h e  Shut-  
t l e  Program, a need for  per formance  assessment appears clear. 
Here, t h e  o b j e c t i v e  would be t o  improve operator performance, n o t  
t o  tes t  p e r s o n n e l  on a pass-or-fail basis. The i n t r o d u c t i o n  of 
performance a s s e s s m e n t  would offer  s u b s t a n t i a l  g a i n s  i n  t h e  q u e s t  
f o r  o p t i m a l  p r o d u c t i v i t y .  Some s u g g e s t e d  methods are treated i n  
S e c t i o n  I V  B (see pages 27-29) .  

Reliable p r e d i c t i v e  data based on a c t u a l  s p a c e  f l i g h t s  
are n o t  avai lable  on t h e  l i k e l i h o o d  of s i g n i f i c a n t  pe r fo rmance  
d e g r a d a t i o n  from possible a d v e r s e  b e h a v i o r a l  effects of long- te rm 
occupancy  of a mul t i - c rew space s t a t i o n .  Moreover ,  i n s u f f i c i e n t  
i n f o r m a t i o n  is  a v a i l a b l e  a c c u r a t e l y  t o  p red ic t  w h e t h e r  crews w i l l  
take e f f e c t i v e ,  c o o r d i n a t e d  action i n  i n f l i g h t  emergenc ie s  o r  sit- 
u a t i o n s  r e q u i r i n g  i m p r o v i s a t i o n .  Some e v i d e n c e  s u g g e s t s  t h a t  f a i l -  
u r e  of coordinated a c t i o n  by crews i n  large t r a n s p o r t  a i rc raf t  has  
been respons ib le  fo r  a c c i d e n t s  and s e r i o u s  i n f l i g h t  i n c i d e n t s  
(Cooper, 1982). Whether wel l - t ra ined crews may be e x p e c t e d  t o  
react as d e c i s i v e l y  and e f f e c t i v e l y  t o  a n  i n f l i g h t  emergency as 
d i d  t h e  crew of Apollo 13 ( J o h n s t o n  et a l . ,  1975) is  problemat -  
i ca l .  To improve crew c o o r d i n a t i o n  i n  a i r l i n e r s ,  some a i r l i n e s  
have  r e c e n t l y  added formal crew c o o r d i n a t i o n  i n d o c t r i n a t i o n  and 
f u l l  m i s s i o n  s i m u l a t i o n  to  t h e i r  t r a i n i n g  programs, b u t  t h e i r  
p o t e n t i a l  e f f e c t i v e n e s s  has  y e t  t o  be d e m o n s t r a t e d .  In N A S A ,  v a l -  
i d a t i o n  of s u c h  t e c h n i q u e s  would r e q u i r e  access of b e h a v i o r a l  
s c i en t i s t s  to  o b s e r v e  spacecrew members d u r i n g  t h e i r  t r a i n i n g  and 
i n f l i g h t .  

A major p o t e n t i a l  c o n t r i b u t o r  t o  s u c c e s s f u l  spacecrew 
c o m p o s i t i o n  and p r o d u c t i v i t y  i s  psycho log ica l ,  as d i s t i n g u i s h e d  
from psych ia t r i c ,  appraisal .  Ref inements  i n  t h e  p o t e n t i a l  of 
psychological s e l e c t i o n  may be e x p e c t e d  b e c a u s e  of recent a d v a n c e s  
i n  u n d e r s t a n d i n g  r e l a t i o n s h i p s  between i n d i v i d u a l  and g r o u p  per- 
fo rmance ,  c e r t a i n  p e r s o n a l i t y  t r a i t s ,  and real-l ife s i t u a t i o n s  
t h a t  i n f l u e n c e  b e h a v i o r .  For i n s t a n c e ,  two major c l u s t e r s  of 
p e r s o n a l i t y  t r a i t s  have  been shown to  correlate s t r o n g l y  w i t h  
i n d i v i d u a l  and g r o u p  i n t e r a c t i o n s  and pe r fo rmance .  One c l u s t e r  
i n v o l v e s  i n d i v i d u a l  o r  g roup  ach ievemen t ,  t h e  o ther ,  c o n c e r n  fo r  
o t h e r s ,  empathy ,  and e m o t i o n a l  r e a c t i v i t y  ( H e l m r e i c h ,  1984; Spence  
and Helmreich,  1978). S u p e r i o r  per formance  has  been shown t o  be 
associated w i t h  t h e  t w o  g r o u p s  of t ra i t s .  G e n e r a l l y ,  i n d i v i d u a l s  
p o s s e s s i n g  both c l u s t e r s  of t r a i t s  appear advan taged  i n ,  " . . .self  
esteem, l i f e  s a t i s f a c t i o n ,  marital a d j u s t m e n t ,  g e n e r a l  a c h i e v e -  
men t ,  and a b i l i t y  t o  perform i n  group s e t t i n g s "  (Helmreich,  1984). 
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Moreover ,  t h e y  t e n d  n o t  t o  become n e u r o t i c  or  t o  r e q u i r e  thera- 
p e u t i c  a s s i s t a n c e .  Achievement m o t i v a t i o n  h a s  r e v e a l e d  some weak- 
ness as a predictor  of s u c c e s s f u l  pe r fo rmance  i n  real-world s i t u a -  
t i o n s .  Three of i ts  m e a s u r a b l e  componen t s ,  m a s t e r y ,  work ,  and 
c o m p e t i t i v e n e s s ,  have  been shown to  re la te  d i f f e r e n t i a l l y  and fre- 
q u e n t l y  i n t e r a c t i v e l y  w i t h  a v a r i e t y  of c r i t e r i o n  measu res  ( H e l m -  
r e ich  a n d  S p e n c e ,  1978;  He lmre ich ,  e t  a l . ,  1980a; Spence and H e l m -  
r e i c h ,  1983) .  For example ,  i n  m u l t i - p e r s o n  a i r  t r a n s p o r t  crews, 
work was u n r e l a t e d ,  m a s t e r y  was p o s i t i v e l y  re la ted ,  and competi- 
t i v e n e s s  n e g a t i v e l y  related to  crew per fo rmance  (Spence  and H e l m -  
r e i c h ,  1978) .  

g .  Sma l l  Group Dynamics 

An o p i n i o n  t h a t  has o f t e n  been e x p r e s s e d  by  
a u t h o r i t i e s  i n  a s t r o n a u t i c s  and t h e  space l i f e  s c i e n c e s  h o l d s  t h a t  
t h e  f e a s i b i l i t y  of f u t u r e  l o n g - d u r a t i o n  space m i s s i o n s  w i l l  depend 
upon s o l u t i o n  of t h e  associated p s y c h o s o c i a l  p rob lems  of hetero- 
geneous  c rews  l i v i n g  and working i n  i s o l a t i o n  and c o n f i n e m e n t  
( B e l l ,  1981; B e r r y ,  1973; Brady ,  1983 ;  Novikov,  1979;  Vorob 'yev  
et  a l . ,  1984). One Sky lab  a s t r o n a u t  was conv inced  of t h i s  when he  
n o t e d  t h a t  t h e  sociological p rob lems  w i l l  p r o v e  more d i f f i c u l t  t o  
s o l v e  than  t h e  t e c h n i c a l  o n e s  ( B e l l ,  1981). One v e t e r a n  Cosmonaut 
s t a t ed ,  w i t h  r e g a r d  t o  i n t e r p e r s o n a l  r e l a t i o n s  on a 6-mo S a l y u t  
m i s s i o n  : 

We must now a d j u s t  t o  l i v i n g  toge ther .  Away 
from t h e  rest of t h e  world...We have  t o  s o l v e  
o u r s  ( p r o b l e m s )  t o g e t h e r ,  t a k i n g  i n t o  a c c o u n t  
t h e  f e e l i n g s  of t h e  other .  T r u e ,  w e  had pre- 
pared f o r  t h i s  l o n g  and hard t o g e t h e r ,  rehears- 
i n g  e v e r y  a n t i c i p a t e d  problem, b u t  t h i s  was 
done i n  an env i ronmen t  of o the r  p e o p l e .  Here 
w e  are t o t a l l y  a l o n e .  Each u t t e r e d  word 
assumes added i m p o r t a n c e .  One must  bear i n  
m i n d  c o n s t a n t l y  t h e  o t h e r ' s  good and bad s ides ,  
a n t i c i p a t e  h i s  t h i n k i n g ,  t h e  r a m i f i c a t i o n s  of a 
wrong u t t e r a n c e  blown o u t  of p r o p o r t i o n .  
(Quo ted  i n  B l u t h ,  1981.) 

Accord ing  t o  Novikov (1979) development  of fundamen ta l  
data  on p s y c h o l o g i c a l  c o m p a t i b i l i t y  and c r i t e r i a  f o r  t h e  s e l e c t i o n  
of g r o u p s  s u c h  as those c o n t e m p l a t e d  f o r  t h e  space s t a t i o n  are o u t -  
s t a n d i n g  examples  of unso lved  p rob lems  of g r o u p  psycho logy .  H e  
n o t e d  t h e  d i f f i c u l t y  of a n a l y z i n g  m o t i v a t i o n  and t h e  con tempora ry  
a b s e n c e  of s c i e n t i f i c  methodology fo r  t h i s  ( h o w e v e r ,  for  examples  
of p r o g r e s s  i n  t h i s  area,  see page  23). H e  emphas ized  t h e  impor- 
t a n c e  of s t u d y i n g  t h e  s o c i a l - p s y c h o l o g i c a l  m o b i l i t y  of p e r s o n a l -  
i t y ,  t h a t  i s ,  t h e  a b i l i t y  t o  a d a p t  to  g r o u p  i s o l a t i o n ,  t h e  r o l e  of 
s e l f - r e g u l a t i o n ,  a n d ' t h e  need t o  d e v e l o p  methods of g roup  psycho- 
l og ica l  t r a i n i n g  and s k i l l s  of j o i n t  a c t i o n .  H e  stressed as w e l l  
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t h e  e s s e n t i a l i t y  of clear as s ignmen t s  of r e p o n s i b i l i t i e s  and 
d u t i e s  i n  order to a v o i d  c o n f l i c t  t e n s i o n  (Novikov,  1979). The 
i m p o r t a n c e  of a v o i d i n g  role ambigui ty  and c o n f l i c t  w a s  amply demon- 
strated i n  t h e  S p a c e l a b  Miss ion  Development Tests I11 (SMD 111) 
s i m u l a t i o n  of t h e  Spacelab m i s s i o n  (Helmreich e t  a l . ,  1979). For 
i n s t a n c e ,  a p o t e n t i a l  for c o n f l i c t  was i d e n t i f i e d  between space- 
crew members and ground control lers  and  between ground-based 
s c i e n t i s t s  i n  charge of i n f l i g h t  e x p e r i m e n t s  and t h e i r  spaceborne 
s c i e n t i f i c  collaborators ( B l u t h  and McNeal , 1981 ; Helmreich  
e t  a l . ,  1979). 

I n t e r v i e w s  w i t h  e x p e r i e n c e d  cosmonauts  and a s t r o n a u t s  and 
r e v i e w s  of t h e i r  w r i t i n g s  conf i rmed t h e  o c c u r r e n c e  of psycho- 
logical and psychosocial problems i n  h i g h l y  selected,  w e l l - t r a i n e d  
spacecrews w i t h  rather homogeneous backgrounds .  When c u l t u r a l  
backgrounds  of crew members and members of other  g r o u p s  o p e r a t i n g  
i n  i s o l a t i o n  and conf inemen t  were q u i t e  d i f f e r e n t ,  t h e  b e h a v i o r a l  
r e a c t i o n s  were f u r t h e r  complicated ( B l u t h ,  1984). 

While t h e  data and p r i n c i p l e s  p e r t a i n i n g  t o  g r o u p  behav- 
i o r  d e r i v e d  from space f l i g h t  e x p e r i e n c e ,  space f l i g h t  s imula -  
t i o n s ,  and a n a l o g o u s  a c t i v i t i e s  are e x t r e m e l y  v a l u a b l e ,  t h e y  are 
n o t  a lways  w e l l  enough deve loped  .in ce r ta in  domains to  p r o v i d e  t h e  
d e g r e e  of c o n f i d e n c e  needed f o r  spec i f ic  p l a n n i n g  and  d e s i g n  of 
space s y s t e m s ;  n o r  h a s  t h e  a v a i l a b l e  i n f o r m a t i o n  been  p u t  t o  
optimal u s e  i n  s u c h  c r i t i c a l  areas as selection and t r a i n i n g .  

h .  Envi ronmenta l  C o n s i d e r a t i o n s  

The biomedical effects of e x p o s u r e s  of up t o  
6 mo o f  c o n t i n u o u s  space f l i g h t  i n  t h e  Salyut-6-Soyuz program have  
been reported (Gazenko e t  a l . ,  1981; Vorob 'yev e t  a l . ,  1984). I n  
a d d i t i o n ,  Gazenko (1983) summed up t h e  211-d m i s s i o n  of S a l y u t - 7 ,  
f lown i n  1982, w i t h  t h e  words ,  " I n  comparison w i t h  f l i g h t s  of 
shorter d u r a t i o n ,  space f l i g h t s  l a s t i n g  up t o  7 months do  n o t  lead 
t o  any  q u a l i t a t i v e l y  new b i o l o g i c a l  changes  i n  t h e  human organ-  
i s m . "  N o  medical or p s y c h o l o g i c a l  data from t h e  r e c e n t  8-mo 
R u s s i a n  m i s s i o n  have  come t o  the  a t t e n t i o n  of t h e  Working Group,  
b u t ,  c o n s i d e r i n g  t h e  S o v i e t  capabi l i t i es  fo r  i n f l i g h t  medical and 
p s y c h o l o g i c a l  assessment of t h e  c rew,  one may assume t h a t  t h i s  m i s -  
s i o n  w a s  a lso a s u c c e s s  from t h e  p o i n t  of view of t h e  i n v o l v e d  
l i f e  s c i e n t i s t s  and f l i g h t  su rgeons .  

Except  fo r  space s i c k n e s s  and t r a n s i e n t  i l l u s i o n s  of 
spa t i a l  d i s o r i e n t a t i o n ,  a l l  of which disappeared a f te r  t h e  f i r s t  
f e w  d a y s  i n  o r b i t ,  no i n f l i g h t  p s y c h o p h y s i o l o g i c a l  impai rment  was 
reported by t h e  S o v i e t  s c i e n t i s t s .  B e h a v i o r a l  d i s t u r b a n c e s  i n  t h e  
l o n g  S o v i e t  m i s s i o n s  have  a p p a r e n t l y  been i n f r e q u e n t  and nond i s rup -  
t i v e .  Temporary p o s t f l i g h t  d i s t u r b a n c e s  of v e s t i b u l a r  f u n c t i o n ,  
p o s t u r e ,  g a s t r o i n t e s t i n a l  s t a b i l i t y ,  and locomotion have  commonly 
o c c u r r e d  i n  cosmonauts  and a s t r o n a u t s  (Homick, 1979; Yakovleva 
e t  a l . ,  1981). 
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As a r e s u l t  of t h e  s u c c e s s e s  of t h e  s p a c e  m i s s i o n s  and  
t h e  a p p a r e n t  l ack  o f  i r r e v e r s i b l e  b i o l o g i c a l  effects i n  t h e  crews, 
estimates b y  space m e d i c a l  a u t h o r i t i e s  are g e n e r a l l y  o p t i m i s t i c  
a b o u t  e x t e n d i n g  t h e  m i s s i o n s  to  g r e a t e r  and greater d u r a t i o n s  
( B e r r y ,  1973; Gazenko e t  a l . ,  1981;  Vorob 'yev  e t  a l . ,  1984). The 
a c h i e v e m e n t s  i n  t h e  S o v i e t  long- te rm f l i g h t s  have  been  credited i n  
p a r t  to  t h e  c o n t r i b u t i o n s  of t h e  b e h a v i o r a l  s c i e n c e s  i n  s u c h  areas 
as p s y c h o l o g i c a l  c r i t e r i a  for  crew s e l e c t i o n ,  p s y c h o l o g i c a l  methods 
of t r a i n i n g  and p r e p a r i n g  crews fo r  space m i s s i o n s ,  i n f l i g h t  psy- 
c h o l o g i c a l  m o n i t o r i n g  and s u p p o r t ,  and t h e  u s e  of b e h a v i o r a l  
s c i e n c e  p r i n c i p l e s  and t e c h n i q u e s  t o  m a i n t a i n  m o t i v a t i o n  and 
p r o d u c t i v i t y .  

In  g e n e r a l ,  t h e  b i o b e h a v i o r a l  effects of human e x p o s u r e  
t o  nea r -Ea r th  and Earth-Moon space for  m i s s i o n s  of v a r y i n g  l e n g t h  
have  been w i t h i n  a c c e p t a b l e  l i m i t s  a n d ,  e x c e p t  for  t h e  u n p r e d i c t -  
a b i l i t y  of solar par t ic le  e v e n t s ,  t h e  nominal  90-d s p a c e  s t a t i o n  
m i s s i o n  s h o u l d  p r e s e n t  no e x c e p t i o n a l  problems from t h e  p o i n t  of 
view of t h e  space env i ronmen t .  Wi th in  t h e  s p a c e  s t a t i o n  however ,  - 
e n v i r o n m e n t a l  fac tors  w i l l  have  a marked i n f l u e n c e  on i n d i v i d u a l  
and g roup  b e h a v i o r .  P r o v i s i o n  of state-of-the-art h a b i t a b i l i t y  i n  
a l l  i t s  man i fo ld  r a m i f i c a t i o n s ,  w i l l  b e  a major d e t e r m i n a n t  of 
s u c c e s s  i n  t h e  space s t a t i o n  as w i l l  e x p e r t  s e l e c t i o n ,  o r g a n i z a -  
t i o n ,  and t r a i n i n g  of t h e  crew and a l l o c a t i o n  of f u n c t i o n s .  
The S o v i e t  practice of p e r m i t t i n g  spacecrew members some l a t i t u d e  
w i t h  respect to  d e s i g n i n g  t h e i r  f l i g h t  s u i t s ,  s e l e c t i n g  some of 
t h e i r  f a v o r i t e  items f o r  onboard  r e c r e a t i o n ,  and r e q u e s t i n g  f a v o r -  
i t e  foods v i a  t h e  r e s u p p l y  f l i g h t s  r e p o r t e d l y  h a s  h e l p e d  t o  main- 
t a i n  morale and p r o d u c t i v i t y  ( B l u t h ,  1981). While some u s e f u l  
i n f o r m a t i o n  is a v a i l a b l e  a b o u t  human n e e d s  for  c o n t a c t ,  p r i v a c y ,  
and p e r s o n a l  space and a b o u t  c rowding  (Al tman ,  1975 ;  B a r n  and 
V a l i n s ,  1977; Worchel, 1977),  t h e  data b a s e  i s  l i m i t e d  i n  terms of 
p r i v a c y  needs and methods of m e e t i n g  them i n  c o n f i n e d  e n v i r o n -  
ments .  Moreover ,  data are l a c k i n g  on some of t h e  more s u b t l e  
p s y c h o l o g i c a l  aspects of h a b i t a b i l i t y .  

In t h e  S a l y u t - 6  s t a t i o n ,  cosmonau t s  have  managed some 
d e g r e e  of p s y c h o l o g i c a l  p r i v a c y  by w r i t i n g  t h e i r  i m p r e s s i o n s  and 
f e e l i n g s  i n  t h e i r  d iar ies  ( B l u t h ,  1981). O t h e r  r e l a t i v e l y  s i m p l e  
means for  improving  onboard  p r i v a c y ,  o r  i t s  p e r c e p t i o n ,  m i g h t  
i n c l u d e  back-to-back work s t a t i o n s  and  l i m i t a t i o n  of v i d e o  mon i to r -  
i n g  t o  a s i n g l e  work s t a t i o n  rather t h a n  a l l  o c c u p i e d  p a r t s  of t h e  
space s t a t i o n  ( B l u t h  and McNeal , 1981). However, t h e  c a p a b i l i t y  
for  v i d e o  and a u d i o  m o n i t o r i n g  of a l l  h a b i t a b l e  spaces i n  t h e  
space s t a t i o n  may b e  r e q u i r e d  for non-b iomedica l  r e a s o n s ,  and it 
would b e  h i g h l y  d e s i r a b l e  as a means of e x p e r t  o b s e r v a t i o n  of crew 
b e h a v i o r  and p e r f o r m a n c e ,  p a r t i c u l a r l y  i n  t h e  "shake down" phases  
of s p a c e  s t a t i o n  o p e r a t i o n .  

The need fo r  p r i v a c y  of space-ground radio communicat ion 
for  crew members w i t h  t h e i r  f a m i l i e s ,  f l i g h t  s u r g e o n s ,  fellow 
a s t r o n a u t s  i n  m i s s i o n  c o n t r o l ,  and others  has been  r e p e a t e d l y  
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emphas ized  by American and Soviet  space medical a u t h o r i t i e s  as 
e s s e n t i a l  fo r  m a i n t a i n i n g  morale, s o l v i n g  personal p r o b l e m s ,  and 
r e d u c i n g  emotional stress. I t  is  u n d e r s t o o d  t h a t  t h e  p r i v a c y  of 
t h e  personal radio l i n k  h a s  been so undependable  t h a t  spacecrew 
members do n o t  t r u s t  it. E x t r a o r d i n a r y  e f for t  s h o u l d  be expended 
to  p r o v i d e  s e c u r e  means of p r i v a t e  communicat ion between space- 
c r a f t  and  ground.  

B. METHODOLOGY AND MODELS 

N A S A ' s  documented o b j e c t i v e s  i n  Psychology (see S e c t i o n  
I V  C) c lear ly  p o i n t  toward a need for  employing t h e  m o s t  appro- 
pr ia te  a v a i l a b l e  i n v e s t i g a t i v e  methodology and d e v e l o p i n g  improved 
methods ,  equ ipmen t ,  and models f o r  u s e  i n  s t u d y i n g  b e h a v i o r  and 
pe r fo rmance .  D i s c u s s i o n  of these top ics  s u g g e s t e d  t h a t  certain 
appl icable  methods and equipment  a r e  a v a i l a b l e  b u t  n o t  b e i n g  used  
i n  NASA research, as w e l l  a s  lack of s u i t a b l e  methodology for 
e x p l o r i n g  some problems of i n t e r e s t  t o  NASA. With r e s p e c t  t o  
models of human b e h a v i o r ,  one  of N A S A ' s  stated g o a l s  is t o  d e v e l o p  
a model r e l a t i n g  b e h a v i o r  and performance t o  t h e  e n v i r o n m e n t a l  
i n f l u e n c e s  and performance r e q u i r e m e n t s  of a space s y s t e m .  The 
o p i n i o n s  of t h e  Working Group on these s u b j e c t s  are p resen ted  i n  
t h e  f o l l o w i n g  paragraphs. 

1. Methodology 

A s  was already men t ioned ,  t h e  most s e r i o u s  lack of 
data  p e r t a i n s  to  t h e  performance of  a s t r o n a u t s  and other crew mem- 
bers d u r i n g  t r a i n i n g ,  s i m u l a t i o n s ,  and a c t u a l  space f l i g h t .  To  
a c q u i r e  t h e  means of improving i n f l i g h t  pe r fo rmance  of operators 
as i n d i v i d u a l s  o r  members of crews, data from t h e  "real world" of 
t r a i n i n g  and space f l i g h t  d e r i v e d  from e x p e r t  o b s e r v a t i o n s  and 
measurements  of a c t u a l  crew members are e s s e n t i a l .  

A t e c h n i q u e  t h a t  h a s  proved v a l u a b l e  i n  a s s e s s i n g  work- 
load i n  A i r  Force aircrew members i s  t h e  embedded s e c o n d a r y  task 
method. The basic c o n c e p t  of t h i s  t e c h n i q u e  is  t o  u s e  as t h e  meas- 
u r i n g  i n s t r u m e n t  a f u n c t i o n  w h i c h  t h e  crew member must perform as 
par t  of t h e  m i s s i o n .  For example,  radio communica t ions ,  which 
n o r m a l l y  must be performed i n  any case, c a n  be q u a n t i f i e d  w i t h  
respect t o  workload or per formance  parameters. Messages c o u l d  
t h e n  be i n t r o d u c e d  to  t h e  o p e r a t o r  a t  specific times i n  t h e  m i s -  
s i o n  which r e q u i r e  known r e s p o n s e s .  In  t h i s  way, t h e  we l l - r ecog-  
n i z e d  a d v a n t a g e s  of s e c o n d a r y  task methodology i n  a s s e s s i n g  work- 
load are o b t a i n e d  w i t h o u t  t h e  i n t r u s i v e n e s s  or a r t i f i c i a l i t y  t y p i -  
c a l l y  e x p e r i e n c e d  w i t h  t h a t  method. The A i r  Force has  q u a n t i f i e d  
communicat ion tasks  i n  t h e  A-10 a i r c r a f t ,  and has shown good re l i -  
a b i l i t y  f o r  t h e  t e c h n i q u e  ( S h i n g l e d e c k e r  and Crabtree, 1982). 
Using t h i s  model, one  c o u l d  s e l e c t  a number of m i s s i o n  sub-  
e l e m e n t s ,  q u a n t i f y  them w i t h  respect to  workload or  pe r fo rmance  
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e x p e c t a t i o n ,  and  u s e  them a s  embedded s e c o n d a r y  tasks .  O t h e r  
approaches t o  workload a s s e s s m e n t  are described i n  Kerr (1973) and  
Wickens (1984).  

The e x t r e m e l y  l i m i t e d  i n f o r m a t i o n  a v a i l a b l e  on d e t a i l s  of 
spacecrew per fo rmance  i n f l i g h t  w a s  r e g a r d e d  as a p i v o t a l  gap  i n  
e s s e n t i a l  knowledge for  i d e n t i f y i n g  c l u e s  for improving  d e s i g n ,  
operat ional  p r o c e d u r e s ,  t r a i n i n g ,  and f o r m u l a t i o n  of research p l a n s .  
The Working Group a d v o c a t e d  crew pe r fo rmance  a s s e s s m e n t  i n  a l l  
space f l i g h t s  as w e l l  as i n  ground t r a i n i n g  and  s i m u l a t i o n s  i n c l u d -  
i n g  p a r t i c i p a t i o n  by e x p e r t  b e h a v i o r a l  s c i e n t i s t s - - e v e n  a b e h a v i o r -  
a l l y  t r a i n e d  p r o f e s s i o n a l  " j u s t  t o  be there  and  look" would be a 
v a l u a b l e  s t e p  forward. A s  a b e g i n n i n g ,  N A S A  n e e d s  a c a r e f u l l y  
recorded b u t  protected c a t a l o g i n g  of psychological  e v e n t s  i n  t r a i n -  
i n g ,  s i m u l a t i o n s ,  and i n f l i g h t .  

Techn iques  for  i d e n t i f y i n g  r e a c t i o n s  t o  stress i n  Navy 
d i v e r s  have been deve loped  and  r e f i n e d  for  research and opera- 
t i o n a l  use.  T h e s e  i n c l u d e  o b s e r v a t i o n  by v i d e o  or s e q u e n t i a l  pho- 
t o g r a p h y ,  v o i c e  a n a l y s i s ,  measurement  of i n t e n t i o n  tremor, and 
p e n c i l  and paper d e v i c e s  fo r  examining  t y p e s  and character is t ics  
of p e r s o n a l i t y  and  a t t i t u d e s  i n  d i v e r s .  Use of t h e  p e n c i l  and  
paper d e v i c e s  has  he lped  t o  d i s t i n g u i s h ,  for  example ,  s u c c e s s f u l  
h i g h - r i s k  p e r s o n n e l  who, no matter w h a t  t h e  stress s i t u a t i o n ,  
appear t o  have  e l e m e n t s  i n  common. Examples of s u c h  e l e m e n t s  
i n c l u d e  a low, g e n e r a l i z e d  a n x i e t y  l e v e l ,  a s t r o n g  s e n s e  of self-  
c o n f i d e n c e ,  and of b e i n g  i n  c o n t r o l ,  and  a s t r o n g  p o t e n t i a l  fo r  
soc ia l  s u p p o r t ,  for example v i a  h e l p ,  a d v i c e ,  and  c o o p e r a t i o n ,  as 
w e l l  as t h e  capac i ty  t o  r e c e i v e  soc ia l  s u p p o r t  i n  a s imi la r  f a sh -  
i o n .  The p o t e n t i a l  for social  s u p p o r t  i s  i m p o r t a n t  i n  v iew of 
c e r t a i n  s t e r o t y p e s  p e r t a i n i n g  t o  "heroes". The  l o n e r  or t h e  
"macho" performer is n o t  as s u c c e s s f u l  i n  o v e r a l l  h i g h - r i s k  per-  
fo rmance ,  e spec ia l ly  i n  v iew of i n c r e a s i n g  r e q u i r e m e n t s  for  team 
performance .  

I t  i s  feasible t o  embed t h e ' i n t e n t i o n  tremor d e v i c e  so 
t h a t  i ts  u s e  is u n o b t r u s i v e .  I n  a d d i t i o n ,  c h a n g e s  i n  ra te  and  
p a t t e r n  of r e s p i r a t i o n  are u s e f u l  and  v i r t u a l l y  u n i v e r s a l  i n d i -  
cators  of impending stress i n  a l l  s i t u a t i o n s  and  s h o u l d  be con- 
s i d e r e d  as a n o t h e r  p rac t ica l  means of m o n i t o r i n g  psychophysio-  
l og ica l  s t a t u s  and a s s e s s i n g  r e a c t i o n s  t o  t h e  e n v i r o n m e n t a l  and 
s i t u a t i o n a l  i n f l u e n c e s  of space f l i g h t .  

Although N A S A  h a s  s u p p o r t e d  t h e  deve lopment  of s e v e r a l  
per formance  tests,  and  is c u r r e n t l y  s u p p o r t i n g  deve lopmen t  of a 
series of tests a t  Johnson Space C e n t e r ,  t h e  ad hoc Working Group 
feels t h a t  there is  a need t o  u t i l i z e  a more c o h e r e n t ,  comprehen- 
s i v e ,  and t h e o r e t i c a l l y  d e f e n s i b l e  pe r fo rmance  a s s e s s m e n t  b a t t e r y  
i n  t h e  program. One s u c h  b a t t e r y ,  wh ich  is  n e a r i n g  Comple t ion  of 
i t s  deve lopmen ta l  phase for t h e  m i l i t a r y  s e r v i c e s  i n  c o n n e c t i o n  
w i t h  de fense  a g a i n s t  chemical warfare a g e n t s  i s  regarded  by members 
of t h e  ad hoc  Working Group as s u p e r i o r  t o  a n y  other a v a i l a b l e  
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s y s t e m  fo r  i ts  i n t e n d e d  u s e s .  T h i s  t y p e  of sys t em is d i s c u s s e d  i n  
Thorne e t  a l .  (1983). I t  would be an e x c e l l e n t  means of assessing 
some of t h e  b e h a v i o r a l  effects  of space f l i g h t  on a before-and-  
a f te r  b a s i s ,  and i t  appears to  have p o t e n t i a l  for m o d i f i c a t i o n  for  
onboard u s e .  A method t h a t  has  f a c i l i t a t e d  t h e  t i m e l y  i n t r o d u c -  
t i o n  of psychological and human f a c t o r s  e x p e r t i s e  i n t o  t h e  e a r l y  
d e s i g n  phases of A i r  Force weapon s y s t e m s  is  known as t h e  Cockpi t  
Automation Technology Program (CAT), whose purpose is to  a s s u r e  
t h a t  cockpit  d e s i g n  is optimal for human pe r fo rmance .  A s y s t e m  of 
t h i s  so r t  may of fe r  some a d v a n t a g e s  i n  d e s i g n i n g  work s t a t i o n s  or 
other  crew spaces of t h e  space s t a t i o n .  

An e x c e l l e n t  o p p o r t u n i t y  a p p a r e n t l y  e x i s t s  for a c q u i r i n g  
a b u n d a n t  data u n o b t r u s i v e l y  on spacecrew b e h a v i o r  and  pe r fo rmance  
v i a  t h e  v i d e o  and  a u d i o  sys t ems  on  t h e  S h u t t l e  O r b i t e r .  S i m i l a r  
o p p o r t u n i t i e s  s h o u l d  o b t a i n  for t h e  space s t a t i o n .  For example ,  
w i t h  a p p r o v a l  by N A S A ,  one  c o u l d  v ideo-  and a u d i o - t a p e  t h e  space- 
crew d u r i n g  r e p r e s e n t a t i v e  segments  of a m i s s i o n ,  n o t  m e r e l y  b r i e f  
t r a n s i e n t  r e c o r d i n g s .  Very good ,  sophis t icated t e c h n i q u e s  are .. 
a v a i l a b l e  for  a n a l y z i n g  u n o b t r u s i v e  data i n  s u c h  areas as perform- 
a n c e  parameters, social  i n t e r a c t i o n s ,  and n o n v e r b a l  b e h a v i o r .  

From s u c h  i n f o r m a t i o n  could  come a series of d e s c r i p t i v e  
a n a l y s e s  of d o i n g  o r d i n a r y  t h i n g s  s u c h  as b r u s h i n g  t e e t h ,  wash ing ,  
and  other basic tasks of l i v i n g  onboard  as w e l l  as t h e  more com- 
p l e x  tasks  of o p e r a t i n g  and m a i n t a i n i n g  t h e  space v e h i c l e ,  com- 
m u n i c a t i n g ,  and f u n c t i o n i n g  i n  t h e  s c i e n t i f i c  and technica l  
spheres .  Moreover ,  e x p e r i e n c e  w i t h  u n o b t r u s i v e  b e h a v i o r a l  obser- 
v a t i o n s  of t h i s  s o r t  s h o u l d  lead t o  improved means of m o n i t o r i n g  
spacecrews for p s y c h o p h y s i o l o g i c a l  s t a b i l i t y  and d e t e c t i o n  of mal- 
a d a p t i v e  t r e n d s  or e v e n t s  r e q u i r i n g  i n t e r v e n t i o n .  

Numerous appl ied  methods of r e s e a r c h ,  tes t ,  and a n a l y s i s  
a re  a v a i l a b l e .  For i n s t a n c e ,  o n e  aerospace company t h a t  h a s  an  
o u t s t a n d i n g  human factors c a p a b i l i t y  u s e s  45 t e c h n i q u e s  and meth- 
ods. However,  fundamen ta l  i n f o r m a t i o n  r e g a r d i n g  s u c h  c r i t e r i a  as 
r e l i a b i l i t y ,  v a l i d i t y ,  s e n s i t i v i t y ,  and g e n e r a l i z a b i l i t y  of t h e  
methods i s  u s u a l l y  l a c k i n g ;  h e n c e ,  t h e  p r a c t i t i o n e r  must r e l y  heav- 
i l y  on h i s  past  e x p e r i e n c e  and t r e a t  each new a p p l i e d  problem v e r y  
much on a n  ad hoc  basis.  I n d e e d ,  most human factors  p r a c t i t i o n e r s  
a c t u a l l y  u s e  a v e r y  res t r ic ted number of t h e  a v a i l a b l e  t e c h n i q u e s .  
Task a n a l y s i s ,  f u n c t i o n s  a l l o c a t i o n ,  t i m e l i n e s ,  s equence  diagrams,  
i n t e r v i e w s ,  q u e s t i o n n a i r e s ,  r a t i n g  scales ,  mock-ups, and computer-  
based s i m u l a t i o n  are among those  most i n  f a v o r .  

There  is  c lear ly  a need to d e v e l o p  t h o r o u g h ,  d e s c r i p t i v e  
i n f o r m a t i o n  and c r i t e r i o n - b a s e d  d a t a  t h a t  w i l l  e n a b l e  t h e  human 
factors pract i t ioners  t o  select and p r o p e r l y  to  employ t h e  most 
appropr ia te  methods i n  t h e i r  attempts t o  a s s u r e  t h a t  p e o p l e  are 
employed so as t o  maximize systems e f f e c t i v e n e s s  (as measured by 
t h e  c r i te r ia  e s t a b l i s h e d  for  a p a r t i c u l a r  sys t em) .  
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Another area o f  g r e a t  p r a c t i c a l  i n t e r e s t  i n v o l v i n g  a need 
for  p r o g r e s s  i n  methodology c o n c e r n s  i d e n t i f i c a t i o n  and  c l a s s i f i ca -  
t i o n  of s t ress- tolerant  p e o p l e  and means of p r e p a r i n g  i n d i v i d u a l s  
and groups  f o r  c o p i n g  w i t h  t h e  stresses o f  s p a c e  f l i g h t s .  Exam- 
p l e s  i n c l u d e  methods f o r  s e l f - c o n t r o l  s u c h  as  r e l a x a t i o n  tech- 
n i q u e s ,  c o n t r o l  o f  au tonomic  r e s p o n s e s  u s i n g  b i o f e e d b a c k ,  and 
p s y c h o l o g i c a l  s e l f - d e f e n s e .  P e r t i n e n t  r e f e r e n c e s  i n c l u d e  Benson 
( 1 9 8 4 ) ,  Henry and S t e p h e n s  (1977),  Mason (1975), McGuire (1984b),  
Orne ( 1 9 8 0 ) ,  S c h u l t z  and L u t h e  (1959), S e l y e  ( 1 9 7 4 ) ,  a n d  Wolpe 
(1973) .  I n  t h i s  g e n e r a l  area b e l o n g ,  as w e l l ,  methods f o r  t e a c h -  
i n g  e l e m e n t s  o f  g r o u p  dynamics s u c h  as soc ia l  s e n s i t i v i t y ,  aware- 
n e s s  o f  each  o t h e r ' s  n e e d s ,  and  how to  i n t e r a c t  w i t h  o t h e r  members 
o f  t h e  space and groundcrews t o  a c h i e v e  t h e  m i s s i o n  o b j e c t i v e s  
c o o p e r a t i v e l y  and e f f i c i e n t l y .  

2. Models 

Concep tua l  Model o f  Program. I t  might  p r o v e  bene- 
f i c i a l  t o  o r g a n i z e  t h e  f a c t o r s  i d e n t i f i e d  i n  Table 1, and other 
p o t e n t i a l l y  i m p o r t a n t  v a r i a b l e s ,  i n t o  a p r e l i m i n a r y  c o n c e p t u a l  
model  o f  s p a c e  crew per formance .  The model c o u l d  i d e n t i f y  t h e  
major c a t e g o r i e s  o f  v a r i a b l e s  or f a c t o r s  t h a t  i n f l u e n c e  perform- 
a n c e  a l o n g  w i t h  t h e  p r i n c i p a l  d imens ions  of each c a t e g o r y  as  p r e s -  
e n t l y  known or  h y p o t h e s i z e d .  A p p r o p r i a t e  t h e o r y  and  e m p i r i c a l  
research f i n d i n g s  c o u l d  b e  used  t o  d e v e l o p  t h e  v a r i a b l e s  and rela- 
t i o n s h i p s  r e f l e c t e d  i n  t h e  i n i t i a l  v e r s i o n  o f  t h e  model. Such a 
model c o u l d  p r o v i d e :  (1) a c o h e r e n t  b l u e p r i n t  o f  t h e  research 
a r e n a  a n d  p r i n c i p a l  v a r i a b l e s  under  i n v e s t i g a t i o n ;  ( 2 )  a framework 
or f o u n d a t i o n  f o r  c l a s s i f y i n g  i m p o r t a n t  v a r i a b l e s ,  r e f l e c t i n g  known 
or h y p o t h e s i z e d  r e l a t i o n s h i p s ,  d e v e l o p i n g  research p r o p o s i t i o n s ,  
i d e n t i f y i n g  v a r i a b l e s  f o r  m u l t i v a r i a t e  e x p e r i m e n t a l  i n v e s t i g a t i o n s ,  
a n d  p r i o r i t i z i n g  r e s e a r c h ;  a n d  (3)  a taxonomy f o r  c a t a l o g i n g  
research f i n d i n g s ,  i n c o r p o r a t i n g  new knowledge,  r e f i n i n g  t h e o r y ,  
and  i d e n t i f y i n g  knowledge g a p s .  

Development of a n o t h e r  p o t e n t i a l l y  u s e f u l  c o n c e p t u a l  
model ,  based on t h e  n o t i o n  of g e n e r i c  human e f f e c t i v e n e s s ,  r e a c h e d  
p r e l i m i n a r y  s t a g e s  i n  t h e  mid-1970s. I t  conce rned  t h e  i n f l u e n c e  
of p e r s o n a l ,  o r g a n i z a t i o n a l ,  and  e n v i r o n m e n t a l  ( p h y s i c a l  e n v i r o n -  
m e n t )  v a r i a b l e s  on pe r fo rmance  ( p a r t i c u l a r l y  t h a t  of s c i e n t i s t s  
and e n g i n e e r s ) .  The o r i g i n a l  r e p o r t s  are voluminous a n d  n o t  
d i r e c t l y  a p p l i c a b l e  t o  NASA's n e e d s ;  however ,  summaries  of por-  
t i o n s  of t h i s  work are  a v a i l a b l e  ( S e c r i s t ,  1983a,b). For  e x a m p l e ,  
t h e  t o t a l  spec t rum g e n e r i c  model o f  human e f f e c t i v e n e s s  i d e n t i f i e s  
c e r t a i n  d imens ions  of t h e  o r g a n i z a t i o n a l  and p h y s i c a l  e n v i r o n m e n t s  
t h a t  a l s o  a p p l y  t o  s p a c e  crews. The d i m e n s i o n s  ( S e c r i s t ,  1983a) 
and e f f o r t s  to d e v e l o p  measures o f  those w i t h  s a t i s f a c t o r y  psycho- 
metric c h a r a c t e r i s t i c s  ( S e c r i s t ,  1983b) have  been d e s c r i b e d .  
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O t h e r  models t h a t  have proved u s e f u l  i n  t h e  b e h a v i o r a l  
s c i e n c e s  may be d i v i d e d ,  albeit  somewhat a r b i t r a r i l y ,  i n t o  th ree  
classes: p h y s i c a l ,  manual c o n t r o l ,  and p e r c e p t u a l - c o g n i t i v e .  

a. P h y s i c a l .  F a i r l y  s o p h i s t i c a t e d  models have  been  
deve loped  for u s e  i n  workplace d e s i g n .  Table 3, t a k e n  from Roe- 
buck ,  e t  a l .  (1975), shows some of t h e  un ique  r e q u i r e m e n t s  engen- 
dered  by o p e r a t i o n s  i n  space. Specif ic  models are a v a i l a b l e  for 
examining  s u c h  parameters as reach, p h y s i c a l  clearances, effects 
of selected encumbrances ,  and v i s i o n .  A d a p t a t i o n  of some models 
for  computer t r e a t m e n t  h a s  g r e a t l y  fac i l i t a ted  their a p p l i c a t i o n .  
(See, fo r  example ,  Kroemer, 1972; McDaniel,  1980). We are unaware 
of s t u d i e s  t h a t  examined t h e  s i g n i f i c a n t  parameters o v e r  e x t e n d e d  
periods of t i m e .  

b. Manual C o n t r o l .  The p i o n e e r i n g  e f f o r t s  of Askenas 
and McReur (1962) are a classic  example of where b r i l l i a n t  i n s i g h t  
and wel l -conducted  e x p e r i m e n t s  l e d  to What many c o n s i d e r  t h e  most 
comprehens ive  program of model ing i n  t h e  human factors area. 
S o p h i s t i c a t e d  treatments were r e q u i r e d  t o  deal w i t h  c o n t r o l  prob- 
lems i n v o l v i n g  s i x  degrees of freedom and such  factors  as t h e  non- 
l i nea r i t i e s  of t h e  human c o n t r o l l e r .  

Those engaged i n  t h i s  area of research and a p p l i c a t i o n s  
became almost a f ra te rna l  o r g a n i z a t i o n ,  mee t ing  once a year i n  
what came t o  be known as t h e  "Annual Manual". The 20 th  Annual 
Manual was he ld  i n  1984 and f e a t u r e d  for t h e  f i r s t  t i m e  " a n n u a l  
m e n t a l "  s e s s i o n s - - a  clear r e c o g n i t i o n  of t h e  i n t i m a t e  i n t e r r e l a -  
t i o n s h i p s  between t h e  motor and c o g n i t i v e ;  these s e s s i o n s  addres- 
sed s u c h  topics as evoked p o t e n t i a l s ,  workload, communica t ions ,  
d i a g n o s t i c s ,  and s u p e r v i s o r y  c o n t r o l  (Anonymous, 1984). Manual 
c o n t r o l  models,  s u p p o r t e d  by s i m u l a t o r  t e s t ,  are a v a i l a b l e  to  
s o l v e  a wide v a r i e t y  of human-machine problems. 

c. P e r c e p t u a l - c o g n i t i v e .  The e x t e n s i o n  of t h e  manual 
c o n t r o l  c o n f e r e n c e  i n t o  t h e  p e r c e p t u a l - c o g n i t i v e  area is  clear 
r e c o g n i t i o n  of t h e  fact  t h a t  t h e  human o r g a n i s m ,  i n  and of i t s e l f ,  
is  a complex sys tem.  While selected sub-sys tems s u c h  as t h e  phys i -  
cal  and t h e  motor have  y i e l d e d  much i n f o r m a t i o n  to  t h e  s y s t e m a t i c  
i n q u i r y  of t h e  modelers, o n l y  a ve ry  p r e l i m i n a r y  u n d e r s t a n d i n g  h a s  
d e v e l o p e d  w i t h  respect to  t h e  c o g n i t i v e  sub-systems.  Adequate  
t r e a t m e n t  of t h e  e n t i r e  human performance s y s t e m  is  n o t  foresee- 
able a t  t h i s  time. I n t e r a c t i o n  of t h e  human s y s t e m  w i t h  complex 
t e c h n o l o g i c a l  sys t ems  w i l l  n e c e s s a r i l y  r ema in  l a r g e l y  ad hoc for  
t h e  foreseeable f u t u r e .  However, s i g n i f i c a n t  i n f o r m a t i o n  is a v a i l -  
able w i t h  r e s p e c t  to  t h e  d e s i g n  of c o n t r o l s  and d i s p l a y s ,  in forma-  
t i o n  p r o c e s s i n g ,  and effects of selected e n v i r o n m e n t a l  parameters. 

31 



Table 3 .  Spacecraft Design Areas with Unique Anthropometric 
Considerations 

Design Area Unique Considerations 

Crew couch and body supports Reentry and launch loads, supine 
position, space-suit mobility 
and bulk, landing impact, weight- 
lessness, astronaut population 
dimensions. 

Controls, latches, and hand 
holds 

Personal equipment 

Hatches and tunnels 

Portable environmental 
control systems 

Tool design 

Restraints and tethers 

Personal maneuvering units 

Clothing 

Emergency ground egress and 
rescue 

Space-suit glove bulk, mobility 
limitations. Space-suit reduc- 
tion of tactile sensation. Suit 
lead and abrasion sensitivity. 
Astronaut population strength. 

Space-suit interface shape, 
connections, mobility limits, 
visibility limits. 

Space-suit bulk and limited 
mobility, zero-G locomotion, 
vacuum environment, metabolic 
costs, suit safety. 

Zero-G, need for suit support, 
suit mobility and vision. Meta- 
bolic requirements for suits. 

Space-suit glove: limited 
mobility and bulk. Weightless- 
ness. L o s s  of traction, use of 
tethers for restraints. 

Weightlessness requirements. 

Six degrees of freedom--no fric- 
tion. Weightlessness, space- 
suit bulk, contour, and mobility 
limits. Lighting and vision. 

Space suit, helmet, gloves, 
boots. Astronaut population. 

Space-suit bulk, weight, and 
mobility limits. Supine posi- 
tion, pressurized vessel. 
Oxygen environment fire hazard. 
Umbilical tower environment. 
Astronaut training and agility. 

Source: Roebuck et al., 1975, (with permission). 
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However, a d e q u a t e  models fo r  h a n d l i n g  s u c h  matters as  
c o g n i t i v e  work load ,  d e c i s i o n  m a k i n g ,  and s u p e r v i s o r y  control  are 
y e t  t o  be d e v e l o p e d ,  a l t h o u g h  c o n s i d e r a b l e  p r o m i s i n g  work i s  b e i n g  
c o n d u c t e d .  S h e r i d a n  e t  a l .  (1983)  summarize v e r y  w e l l  t h e  research 
n e e d s  i n  t h e  area of s u p e r v i s o r y  c o n t r o l  s y s t e m s :  (1) computer-  
operator communica t ion ;  ( 2 )  d i s c o v e r i n g  c o g n i t i v e  models of oper- 
a t o r - c o n t r o l l e d  p r o c e s s e s ;  ( 3 )  computer-based a ids  t o  c o g n i t i o n ;  
( 4 )  s y s t e m  r e l i a b i l i t y  and r e a s o n s  f o r  human error;  (5) d e f i n i t i o n  
of m e n t a l  workload and i t s  effects on  human e r r o r ;  (6)  d i v i s i o n  of 
a u t h o r i t y  be tween human o p e r a t o r  and c o m p u t e r ;  (7) c o o r d i n a t i o n  of 
s u p e r v i s o r y  c o n t r o l  teams; (8) e x t r a c t i n g  knowledge from e x p e r -  
i e n c e  w i t h  l a r g e ,  complex ,  i n t e r a c t i v e  s y s t e m s ;  and ( 9 )  improving  
communica t ion  be tween d e s i g n e r s  and o p e r a t o r s  of s u p e r v i s o r y  
cont ro l  s y s t e m s .  

C. NASA-SPONSORED RESEARCH AND TECHNOLOGY I N  THE 
BEHAVIORAL SCIENCES 

NASA s u p p o r t s  i n t r a -  and e x t r a m u r a l  research and deve lop -  
ment i n  t h e  p s y c h o l o g i c a l  aspects of space f l i g h t  (Research and 
Technology O b j e c t i v e  and P l a n  [RTOP] N o .  199-22-62, Psycho logy)  
and i n  a e r o n a u t i c a l  and s p a c e  human factors .  I n  a d d i t i o n ,  s e v e r a l  
t a sks  w i t h  i m p l i c a t i o n s  for human b e h a v i o r  and pe r fo rmance  are 
par ts  of o ther  NASA RTOPs, s u c h  as s t u d i e s  of t h e  space adapta t ion  
syndrome,  t h e  effects of c e r t a i n  foods and n u t r i e n t s  on  b e h a v i o r ,  
and t h e  b e h a v i o r a l  effects of a l t e r i n g  normal  c i r c a d i a n  rhythms.  
NASA's formal Human F a c t o r s  Program, w h i l e  o u t s i d e  t h e  scope of 
t h i s  s t u d y ,  is- c l o s e l y  re la ted  and would b e n e f i t  from r e s u l t s  of 
b a s i c  research s u g g e s t e d  i n  S e c t i o n  V. To improve a w a r e n e s s  and 
e s s e n t i a l  i n t e r a c t i o n s ,  t h e  ad hoc Working g r o u p  b e l i e v e s  t h a t  
close and s u s t a i n e d  c o o r d i n a t i o n  shou ld  b e  c o n t i n u e d  among a l l  
NASA a c t i v i t i e s  t h a t  are i n v o l v e d  i n  research and development  i n  
t h e  b e h a v i o r a l  and c l o s e l y  related s c i e n c e s .  

NASA relies p r i m a r i l y  on u n s o l i c i t e d  research proposals 
t o  meet i t s  research program needs i n  p s y c h o l o g y ;  however ,  o n l y  a 
l i m i t e d  number of h i g h - q u a l i t y ,  r e l e v a n t  p r o p o s a l s  have  been  sub-  
m i t t e d ,  and t h e  sys t em for  announcing  NASA's needs  f o r  ground-  
based i n v e s t i g a t i o n s  i n  t h e  b e h a v i o r a l  s c i e n c e s  a p p a r e n t l y  n e e d s  
m o d i f i c a t i o n  t o  a s s u r e  t h a t  specific research r e q u i r e m e n t s  couched  
i n  a p p r o p r i a t e  s c i e n t i f i c  l anguage  reach t h e  i n t e n d e d  t a r g e t  
a u d i e n c e .  

The stated o b j e c t i v e s  of NASA's research program i n  t h e  
p s y c h o l o g i c a l  a s p e c t s  of manned s p a c e  f l i g h t  are to:  (1) i n c r e a s e  
t h e  data b a s e ,  where n e e d e d ,  c o n c e r n i n g  human p s y c h o l o g i c a l  
r e s p o n s e  t o  specif ic  stresses r e l a t e d  t o  t h e  space s t a t i o n  e n v i r o n -  
ment and operat ion;  ( 2 )  d e v e l o p  methods f o r  i d e n t i f i c a t i o n  of i n d i -  
v i d u a l  s u s c e p t i b i l i t y  t o  s u c h  stresses and f o r  n o n i n t r u s i v e  meas- 
u remen t  and p r e d i c t i o n  of p s y c h o l o g i c a l  p rob lems  and associated 
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performance decrements in the mission environment; and ( 3 )  develop 
preventive and remedial countermeasures for breakdown in psycho- 
logical health leading to performance decrement. An associated 
objective is to develop a model relating stress, psychological 
well-being, and task performance. 

1. Description of Tasks 

Currently, the program consists of the following 
five tasks: 

Task 199-22-62-01, short title: Cognitive Performance 
and Stress. The objectives are to exdore the nature of 

Y * 
cognitive performance in fearful situations, to determine 
relationships of fear-modified performance to other 
indicants of fear as assessed in both actual stress 
situations and in imagination or anticipation of expected 
stress. The experiments are designed to evaluate behav- 
ioral avoidance and psychophysiological responses of 
subjects in a confinement stress, under both high- and 
low-demand conditions to tolerate the stressor; to eval- 
uate performance on reasoning, computational, and psycho- 
motor tests while subjects are under confinement stress; 
to assess the effects on cognitive performance of a con- 
finement stress reduction contingency; to evaluate con- 
finement fear behavior in subjects high and low on the 
trait of sensation seeking. Attempts will be made to 
develop predictors to discriminate those persons in whom 
performance decrements will most probably be observed as 
compared with those who will maintain or even enhance 
performance. 

Task 199-22-62-02, short title: Determinants of 
Performance. The objective of this task is the devel- 
opment of techniques for the selection and training of 
spacecrews and the composition and management of crews in 
future space missions such as the space station. The 
focus is on techniques of maximizing performance and 
adjustment. A broad issue of concern is how best to 
organize missions with multiple scientific and opera- 
tional goals and how to develop the kind of cooperative 
collaboration necessary for effective performance in an 
interdependent environment. The investigations include 
the construct validity of psychometric tests of a number 
of subtle attributes of normal personality functioning. 
Some of the tests are directly applicable to crew selec- 
tion as they decompose such dimensions as masculinity- 
femininity, self-esteem, and need achievement into com- 
ponents which, in a proper pattern, appear capable of 
predicting high levels of performance and adjustment 
under conditions of prolonged social intimacy within a 
continuously isolated group. 
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Task 199-22-62-03, s h o r t  t i t l e :  S m a l l  Group B e h a v i o r a l  
I n t e r a c t i o n s .  T h i s  t a s k  e x p l o r e s  t h e  pe r fo rmance  capabil-  
i t i e s  of dyads and t r i ads  s t u d i e d  i n  a programmed e n v i r o n -  
ment under  a v e r s i v e  or a p p e t i t i v e  p r o c e d u r a l  r u l e s  for  
periods l a s t i n g  up t o  28 d. Observed v a r i a b l e s  i n c l u d e  
" p a c i n g " ,  soc ia l  i n t e r a c t i o n s ,  c h a n g e  of social  s t r u c -  
t u r e ,  p o s i t i v e  and n e g a t i v e  m o t i v a t i o n ,  and g r o u p  cohe- 
s i v e n e s s .  The  e x p e r i m e n t a l  f a c i l i t y  p r o v i d e s  q u a n t i t a -  
t i v e  data on s u c h  parameters as s t i m u l u s  i n p u t ,  behav- 
i o r a l  o u t p u t ,  l o c a t i o n  i n  t h e  f a c i l i t y ,  a c t i v i t y ,  i n t e r -  
a c t i o n s ,  and  t h e  effects  of c o o p e r a t i v e  or non-coopera- 
t i v e  social  c o n t i n g e n c i e s .  

Task 199-22-64-01, s h o r t  t i t l e :  Human Pe r fo rmance  
A n a l y s i s  Methodology. The  long- te rm o b j e c t i v e  is t o  
d e v e l o p  n o n i n v a s i v e  me thods  of measu r ing  t h e  effects of 
w e i g h t l e s s n e s s ,  m e n t a l  w o r k l o a d s ,  a n d  e n v i r o n m e n t a l  
hazards  of space f l i g h t  on human c o g n i t i v e  and p e r c e p t u a l  
processes. Near-term o b j e c t i v e s  are t o  d e t e r m i n e  t h e  
p h y s i o l o g i c a l  basis  for evoked magne t i c  f i e l d  and evoked 
e lec t r ic  p o t e n t i a l  r e s p o n s e s  and t o  d e v e l o p  i n s t r u m e n t a -  
t i o n  and  methods for  u s i n g  evoked responses for assess- 
ment of human per formance  i n  t h e  space program. 

Task 199-11-67-01, s h o r t  t i t l e :  P h y s i o l o g i c a l  Program 
P l a n n i n g  A n a l y s i s .  A p a r t  of t h i s  task is  t h e  r e v i e w  and  
a n a l y s i s  of N A S A ' s  research and  development  n e e d s  i n  t h e  
p s y c h o l o g i c a l  aspects of space f l i g h t .  I t  i s  t h e  s u b t a s k  
f o r  p r o v i d i n g  NASA w i t h  a s c i e n t i f i c  report  of t h e  LSRO/ 
FASEB ad hoc Working Group on Behavior  and Per formance .  

2. Comments of t h e  Working Group 

The members of t h e  ad hoc Working Group d i d  n o t  
reach a f u l l  c o n s e n s u s  on t h e  r e l e v a n c e  t o  NASA's n e e d s  of t h e  
research tasks  o u t l i n e d  on  pages 34, 35. Some members were r e l u c -  
t a n t  t o  e x p r e s s  an  o p i n i o n  b e c a u s e  t h e y  c o n s i d e r e d  t h e i r  familiar-  
i t y  w i t h  t h e  research tasks to  be i n a d e q u a t e  for t h e  purpose. 
C o n s e q u e n t l y ,  t h e  e v a l u a t i v e  comments f o l l o w i n g  o n  pages 35-37 
r e p r e s e n t  a major i ty ,  no t  a unanimous o p i n i o n .  I n  a l l  c a s e s ,  t h e  
s c i e n t i f i c  q u a l i f i c a t i o n s  of t h e  p r i n c i p a l  i n v e s t i g a t o r s  were 
r e c o g n i z e d  as o u t s t a n d i n g ,  and t h e  q u a l i t y  of research was j u d g e d  
t o  be h i g h .  

Some members of t h e  Working Group q u e s t i o n e d  t h e  rele- 
v a n c e ,  i n  terms of NASA's operational n e e d s ,  of Task 199-22-62-01, 
C o g n i t i v e  Per formance  and S t r e s s ,  and  recommended r e o r i e n t a t i o n  
toward more n e a r l y  spec i f i c  space f l i g h t  q u e s t i o n s .  For i n s t a n c e ,  
how s h o u l d  NASA p l a n  t o  r e c o g n i z e ,  p r e p a r e  f o r ,  and  h a n d l e  an  
i n f l i g h t ,  n o n p s y c h o t i c  p a n i c  r e a c t i o n ?  H o w  s h o u l d  NASA i d e n t i f y  
s u s c e p t i b l e  members of f l i g h t  crews a n d  p r e p a r e  them t o  cont ro l  
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a n x i e t i e s  associated w i t h  p e r c e i v e d  h a z a r d s  of s p a c e  m i s s i o n s ?  
What sor t  of p r o c e d u r e s  s h o u l d  NASA c o n s i d e r  for  c o p i n g  w i t h  o the r  
e m o t i o n a l  r e s p o n s e s  t o  space f l i g h t ?  H o w  s h o u l d  NASA m o n i t o r  t h e  
i n f l i g h t  e m o t i o n a l  s t a t u s  of spacec rew members by means of c u r -  
r e n t l y  a v a i l a b l e  knowledge and t echno logy?  O t h e r  members t h o u g h t  
t h a t  t h e  b r o a d e r  o r i e n t a t i o n  r e p r e s e n t e d  i n  t h e  f u t u r e  p l a n s  fo r  
t h i s  t a s k  would p r o b a b l y  y i e l d  u s e f u l  data a p p l i c a b l e  t o  NASA 
needs .  

Task 199-22-64-01, Human Pe r fo rmance  A n a l y s i s  Method- 
o l o g y ,  reflects e x c e p t i o n a l  s c i e n t i f i c  and t e c h n i c a l  merit and 
long- te rm p r o b a b i l i t y  of a d v a n c i n g  knowledge of c e n t r a l  psycho- 
p h y s i o l o g i c a l  processes and a c h i e v i n g  means for  t h e i r  o b j e c t i v e  
measurement.  However, w h i l e  a g r e e i n g  w i t h  t h e  o b j e c t i v e s  of t h e  
t a s k ,  t h e  research approaches, and t h e  need for  c o n t i n u a t i o n  of 
t h e  t a s k ,  some members of t h e  Working Group q u e s t i o n e d  whether  i t  
s h o u l d  be a par t  of t h e  NASA Psychology research program,  s u g g e s t -  
i n g  t h a t  it s h o u l d  p r o b a b l y  be carried i n  a NASA RTOP more c lose ly  
r e l a t e d  t o  n e u r o p h y s i o l o g y .  

Tasks 199-22-62-02 and 199-22-62-03, r e s p e c t i v e l y  e n t i -  
t l e d  De te rminan t s  of Per formance  and Small Group B e h a v i o r a l  I n t e r -  
a c t i o n s ,  were both c o n s i d e r e d  r e l e v a n t  t o  NASA n e e d s  p r o v i d e d  t h a t  
t h e  o b t a i n e d  data w i l l  b e  p u t  t o  practical  u s e  by NASA i n  s u c h  p e r -  
t i n e n t  areas as  crew s e l e c t i o n ,  c o m p o s i t i o n ,  t r a i n i n g ,  and r o t a t i o n ,  
as w e l l  as a l l o c a t i o n  of r e s p o n s i b i l i t y  and t a s k s ,  r o l e - s h a r i n g ,  
and p r o v i s i o n  of p s y c h o l o g i c a l  s u p p o r t .  Here a g a i n ,  some members 
of t h e  Working Group b e l i e v e d  t h a t  t h e  r e s u l t s  t o  b e  e x p e c t e d  from 
t h e  t w o  t asks  might  b e  more r e l e v a n t  t o  N A S A ' s  n e e d s  i f  s p e c i f i c  
q u e s t i o n s  were addressed t o  t h e  p r i n c i p a l  i n v e s t i g a t o r s .  Examples 
of q u e s t i o n s  t h a t  might  b e  appropriate  a re :  (1) Can you p roduce  
some da ta  w i t h i n  t h e  n e x t  12  or  18 m o  on items t h a t  c o u l d  b e  used  
i n  d e s i g n  cr i ter ia  for  the  space s t a t i o n  s u c h  as t h e  v a l u e ,  f o r  
p s y c h o l o g i c a l  s u p p o r t  and q u a l i t y  of l i f e ,  of a shower ,  p r i v a c y ,  
minimum a c c e p t a b l e  l i v i n g  s p a c e ,  and other  fac tors  t h a t  e n r i c h  t h e  
h a b i t a b i l i t y  of t h e  s t a t i o n ?  ( 2 )  Is there a t e m p o r a l  l i m i t  f o r  
m a i n t a i n i n g  optimum p s y c h o p h y s i o l o g i c a l  homeostasis i n  l o n g  space 
f l i g h t s  such  as 1 5 ,  2 0 ,  o r  30 d? (3 )  How much autonomy s h o u l d  t h e  
space s t a t i o n  crew b e  g i v e n ?  H o w  much f l e x i b i l i t y  i n  how t h e y  
accomplish t h e i r  d u t i e s ?  ( 4 )  What are t h e  m o t i v a t i o n a l  and produc-  
t i v i t y  v a l u e s  of i n t i m a t e  invo lvemen t  of spacecrew numbers i n  s u c h  
program a c t i v i t i e s  as p l a n n i n g  and deve lopmen t  of m i s s i o n  r e q u i r e -  
m e n t s ,  job a s s i g n m e n t s ,  w o r k l o a d s ,  work s c h e d u l e s ,  and h a b i t a b i l -  
i t y  factors? (5) What k i n d  of i n t r i n s i c  rewards w i l l  be t h e  most 
m e a n i n g f u l  fo r  m a i n t a i n i n g  m o t i v a t i o n  i n  t h e  90-d m i s s i o n ?  What 
are t h e  associated p e r s o n a l i t y  p r o f i l e s ?  Is it  f e a s i b l e  to  t r a i n  
p e o p l e  t o  r e c o g n i z e  and p r o f i t  by t h e i r  p e r c e p t i o n s  of i n t r i n s i c  
rewards? 

The l a t t e r  t w o  tasks a p p e a r  to  b e  somewhat complementary  
i n  t h a t  one r e p r e s e n t s  a c o n t r o l l e d  l a b o r a t o r y  e n v i r o n m e n t ,  t h e  
o ther  more n e a r l y  t h e  s i t u a t i o n s  i n  t h e  "real  world".  Therefore,  
t h e  p r i n c i p a l  i n v e s t i g a t o r s  s h o u l d  be e n c o u r a g e d  t o  exchange  
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i n f o r m a t i o n  a t  r e g u l a r  i n t e r v a l s  and c o l l a b o r a t e ,  where poss ib le ,  
i n  f o r m u l a t i n g  e x t e n s i o n s  of t h e i r  i n v e s t i g a t i o n s ;  t h a t  i s ,  i n f o r -  
m a t i o n  deve loped  i n  one laboratory may s u g g e s t  a d d i t i o n a l  hypoth- 
eses and e x p e r i m e n t a l  v a r i a b l e s  t h a t  c o u l d  p r o f i t a b l y  be i n v e s t i -  
gated i n  t h e  other laboratory or on a c o l l a b o r a t i v e  basis. 

The psychology research program may be e x p e c t e d  t o  grow 
moderately unde r  t h e  c u r r e n t  system of u n s o l i c i t e d  proposals. 
N e v e r t h e l e s s ,  t h e  c u r r e n t  l e v e l  of e f for t  is  too restricted t o  
p roduce  t h e  research needed t o  meet t h e  stated o b j e c t i v e s  of  t h e  
program. In  a d d i t i o n ,  t h e  scope of t h e  stated program o b j e c t i v e s ,  
w h i l e  broad,  a p p e a r s  too restricted to  i n c l u d e  s u c h  e s s e n t i a l  con- 
s i d e r a t i o n s  as t h e  p s y c h o l o g i c a l  aspects of groundcrew o r g a n i z a -  
t i o n ,  o p e r a t i o n ,  and i n t e r a c t i o n  w i t h  spacecrews, and development  
of improved psychological selection and t r a i n i n g  c r i t e r i a  and tech- 
n i q u e s ,  a l l  of which  have  s i g n i f i c a n t  imp l i ca t ions  i n  terms of s y s -  
t e m s  e f f e c t i v e n e s s  and p s y c h o l o g i c a l  we l l -be ing .  A c c o r d i n g l y ,  t h e  
a d  hoc Working Group h a s  l i s ted  some a d d i t i o n a l  research sugges-  
t i o n s  on these topics i n  S e c t i o n  V. 
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V. SUGGESTIONS FOR RESEARCH AND PROGRAM PLANNING 

NASA has the opportunity to develop a broad program 
directed at the psychological, psychosocial, and psychophysio- 
logical aspects of long-term space flight, a program directed 
specifically at optimizing behavior and performance in the space 
station, or both. The ad hoc Working Group believes NASA should 
have two programs: a first priority program directed toward the 
needs of the Space Transportation System and the space station in 
the near term, using available data, and short-term research to 
obtain best estimate solutions for the initial missions; and a 
supporting, longer-term program seeking more optimal solutions and 
addressing longer-term problems. The shorter-term program should 
represent a cooperative undertaking of applicable parts of NASA's 
Human Factors program and research under the Psychology RTOP and 
should be an engineering design-oriented activity, not a peri- 
pheral research and consulting activity. It should be directed at 
the design of, or at least the requirements for, a space station 
interior, crew systems, crew operational procedures and tasks, and 
the specification of crew skills, characteristics, composition, 
and training requirements. 

The longer-term program should explore topics in psy- 
chology and psychophysiology such as those identified in Section 
IV A and B which require a substantial time commitment. Sugges- 
tions for both near- and long-term consideration are detailed on 
pages 40-50. 

In submitting its suggestions for research and program 
planning, the LSRO ad hoc Working Group on Behavior and Perform- 
ance took into account several factors that have apparently influ- 
enced the status of NASA's research, development, and operational 
support in the behavioral sciences: (1) the admirable history of 
nearly unqualified success in the manned space programs; available 
knowledge in human behavior and performance was apparently consid- 
ered adequate for agency needs, and the astronauts were able to 
meet the workloads, performance requirements, and timelines almost 
without exception; (2) the independence that has been accorded the 
astronaut group in the past in deciding the nature and level of 
ground-based and flight research and test in which they would par- 
ticipate; and (3) the history of a relatively modest level of 
effort in NASA in-house and extramural research in the behavioral 
sciences except for recognizable work in human factors applied to 
aeronautics. 

In addition, the Working Group considered the research 
implications of the fundamental changes in size, functions, respon- 
sibilities, and composition of spacecrews and ground support 
staffs that have occurred in the Space Transportation System- 
Shuttle Program and that are contemplated in the space station, 
the nominal 90-d missions with possible extensions, the emphasis 
on system productivity which permeates space station planning, and 
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t h e  changing  character of  NASA careers for  t h e  associated s p a c e  
and ground p e r s o n n e l .  

A common theme i n  t h e  recommendat ions of e x p e r t  g r o u p s  
t h a t  have  a d v i s e d  NASA on  research n e e d s  i n  b e h a v i o r  and per- 
formance h a s  been t h e  o v e r r i d i n g  i m p o r t a n c e  of  e s t a b l i s h i n g  a 
f i r m  commitment t o  a w e l l  i n t e g r a t e d ,  comprehens ive ,  l ong- range  
research and development  program. Lacking  these c r i t i c a l  ele- 
m e n t s ,  a n  o t h e r w i s e  wel l -conce ived  program would l a n g u i s h .  The 
Working Group b e l i e v e s  t h a t  a management s t r a t e g y  s h o u l d  be form- 
u l a t e d  t h a t  w i l l  p r o v i d e  for  r e g u l a r ,  j o i n t  p a r t i c i p a t i o n  of behav- 
io ra l  s c i e n t i s t s  w i t h  o p e r a t i o n a l  and p l a n n i n g  p e r s o n n e l  i n  deter- 
mining  s h o r t -  and long-term research and development  n e e d s ,  i n t e -  
g r a t i n g  t h e  a p p r o a c h e s  i n  t h e  key o p e r a t i o n a l  a c t i v i t i e s  of NASA, 
and a p p l y i n g  and e v a l u a t i n g  t h e  r e s u l t s .  

Var ious  schemes of program p l a n n i n g  would s e r v e  t o  a s s u r e  
comprehens ive  c o v e r a g e .  Examples r a n g e  from s imple  check l i s t s  of 
i d e n t i f i e d  specific problems of  b e h a v i o r  and performance related 
t o  space f l i g h t  and l ists  of b e h a v i o r a l  e l e m e n t s  i n  a m i s s i o n -  
d e f i n e d  m a t r i x  of tasks and task  components  to  s o p h i s t i c a t e d  com- 
p u t e r i z e d ,  o n - l i n e ,  i n t e r a c t i v e  data manager s y s t e m s .  One recog- 
n i z e d  method of p l a n n i n g  l a r g e  research programs i n  t h e  psycholog-  
i ca l  and s o c i a l  sciences is t h e  ecological s y s t e m s  approach  
e spoused  by some members of  t h e  ad hoc Working Group ( B a r k e r ,  1968;  
S e l l s  and Gunderson,  1972;  Wicker ,  1979) .  Such an approach  f a v o r s  
a methodology for d e s c r i p t i v e  a n a l y s i s  of n a t u r a l  s e t t i n g s  and 
social  i n t e r a c t i o n s  obse rved  u n o b t r u s i v e l y .  Table 4 i s  a rough  
o u t l i n e  of a possible ecological s y s t e m s  schema. The members of  
t h e  Working Group r e c o g n i z e  t h a t  s t u d i e s  based  on  o b s e r v a t i o n a l  
methods of o p e r a t i o n a l  a c t i v i t i e s  s u c h  as s p a c e  f l i g h t s  are hamp- 
ered i n  some ways by numerous u n c o n t r o l l e d  v a r i a b l e s  and t h a t  
p r e c i s e  measurement of c e r t a i n  i m p o r t a n t  b e h a v i o r a l  character- 
i s t i c s  requires a f i n e l y  control led l a b o r a t o r y  s e t t i n g .  Never the-  
less,  t h e  impor t ance  of a c q u i r i n g  b e h a v i o r a l  and social  data from 
t h e  real world of NASA t r a i n i n g ,  s i m u l a t i o n s ,  and a c t u a l  s p a c e  
f l i g h t s  cannot b e  overemphas ized .  

The s u g g e s t i o n s  are d i v i d e d  i n t o  t w o  m a i n  g r o u p s :  
(1) near- and long-term research and development  and ( 2 )  tech- 
n i c a l  and o t h e r  c o n s i d e r a t i o n s .  

A. NEAR- AND LONG-TERM RESEARCH AND DEVELOPMENT 

Near term i s  d e f i n e d  here as research and development  
whose r e s u l t s  a re  e x p e c t e d  w i t h i n  o n e  t o  t w o  years. The o v e r a l l  
o b j e c t i v e  of a near - te rm program s h o u l d  be t h e  development  and 
e x e c u t i o n  of a p l a n  of research i n  human b e h a v i o r  and performance 
t h a t  emphasizes  areas of immediate i m p o r t a n c e  to  those i n  NASA who 
are r e s p o n s i b l e  for  s y s t e m s  p l a n n i n g  and development  and for  
m i s s i o n  p l ann ing  and e x e c u t i o n .  
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Table 4 .  ,Schema for an Ecological Systems Approach to 
Investigation of Psychological and Social Issues in Manned Space 
Flight 

A .  Major Systems of Interest Elements and Issues 

Individual : 

Social/Interpersonal: 

Soc io/ Cultural : 

Interactions Among Systems : 

physiological, perceptual, 
cognitive, affective, and 
emotional responses 

relationship formation, 
conflict management, 
absorption of new people, 
cliques, autonomy 

families, ground control 
,establishment, authority 
structure, careers, 
incentives 

most of the above 

B. Approaches 

Study change, process, and dynamic qualities by continual 
monitoring of physiological, psychological, and social 
responses to participation in space careers. Study all 
phases, not just training and missions: 

Phase Physiological Psychological Social 

Baseline 
Training 
Mission 
Postmission 
brig-term 

Use a spectrum of methods: quantitative, qualitative 
experimental, observational, self-reports, case methods, 
archival methods, and expert reviews. 

- 
PROBLEMS SOLUTIONS EFFECTS 
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1. Performance Assessment  

S e l e c t i o n ,  c o n s t r u c t i o n ,  and v a l i d a t i o n  of a new 
g e n e r a t i o n  per formance  b a t t e r y  for  u s e  i n  t r a i n i n g ,  i n  m i s s i o n  
s i m u l a t i o n s ,  onboard t h e  space s t a t i o n ,  a n d ,  i f  p o s s i b l e ,  on some 
f u t u r e  S h u t t l e  m i s s i o n s  s h o u l d  be p lanned  and s c h e d u l e d .  

Ehbedded s e c o n d a r y  tasks  s h o u l d  be  selected and d e s i g n e d  
for i n c o r p o r a t i o n  w i t h  e x i s t i n g  S h u t t l e  communica t ions  and cont ro l  
equipment  and f o r  t h e  space s t a t i o n  as a par t  of a n  e v o l v i n g  pe r -  
formance assessment and m o n i t o r i n g  c a p a b i l i t y  (see page  27 ) .  

The f e a s i b i l i t y  of u s i n g  a v a i l a b l e  onboard  v i d e o  and 
a u d i o  c a p a b i l i t i e s  of t h e  S h u t t l e  s h o u l d  be d e t e r m i n e d  and p l a n s  
made for  such  u s e  i n  a s s e s s i n g  and m o n i t o r i n g  crew performance 
(see a l s o  page  2 9 ) .  

p s y c h o p h y s i o l o g i c a l  s t a t u s  of human operators s h o u l d  be c o n t i n u e d  
a l o n g  r e c o g n i z e d  l i n e s ,  and p e r i o d i c  e x p e r t  r e v i e w s  of t h i s  sub- 
ject  should  be  s c h e d u l e d .  C o r r e l a t i o n s  among evoked cor t ica l  
p o t e n t i a l s ,  o t h e r  measu reab le  phenomena of t h e  c e n t r a l  n e r v o u s  
s y s t e m ,  and p e r c e p t u a l  and pe rcep tua l -moto r  a c t i v i t i e s  s h o u l d  be 
s o u g h t .  

Development of methods of o b j e c t i v e  measurement of 

S i m u l a t i o n  of t h e  s p a c e  s t a t i o n  sys t em represents one  
u s e f u l  approach  t o  e v a l u a t i n g  b e h a v i o r  and per formance .  A basic 
r e s o u r c e  for  t h i s  w i l l  be t h e  Space S t a t i o n  Mockup Research 
F a c i l i t y  p lanned  for N A S A ' s  Ames Research C e n t e r .  T h i s  f a c i l i t y  
s h o u l d  lend  i t s e l f  t o  e v a l u a t i o n  of b e h a v i o r  and pe r fo rmance  of 
i n d i v i d u a l  members and pa r t i a l  or  comple t e  space-and groundcrews  
o p e r a t i n g  i n  u n i s o n  i n  selected segmen t s  of proposed m i s s i o n s .  
V a l u a b l e  d a t a  s h o u l d  be  o b t a i n a b l e  i n  i m p o r t a n t  areas i n c l u d i n g :  
(1) p h y s i c a l  and men ta l  l i m i t a t i o n s  of i n d i v i d u a l  and crew adapt- 
a b i l i t y  and pe r fo rmance ;  (2) methods of m o n i t o r i n g  and measu r ing  
i n d i v i d u a l  and crew pe r fo rmance ;  (3) crew i n t e r a c t i o n s  and g r o u p  
dynamics ;  ( 4 )  p r o d u c t i v i t y  and  p s y c h o l o g i c a l  we l l -be ing  as i n f l u -  
enced  by d e s i g n  of work,  l i v i n g ,  and r e c r e a t i o n  areas and o ther  
h a b i t a b i l i t y  factors .  

Bo th  nea r -  and long- te rm s u p p o r t  is  needed f o r  b a s i c  
l a b o r a t o r y  s t u d i e s  to  h e l p  advance  t h e o r y  i n  t h e  area of 
per formance  and i t s  measurement .  

2. Expe r t  Concept  and P o s i t i o n  P a p e r s  

Cons ide ra t ion  s h o u l d  be g i v e n  t o  i n v e s t i n g  i n  a 
series of special l i t e r a t u r e  r e v i e w s  and a n a l y s e s  by  a p p r o p r i a t e  
e x p e r t s  as a method of f o c u s i n g  a v a i l a b l e  knowledge and p r o d u c i n g  
concept or p o s i t i o n  papers on p r a c t i c a l  i s s u e s  i n  b e h a v i o r  and 
performance.  Reviews of t h i s  sort  would ,  i n  a d d i t i o n ,  i d e n t i f y  
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m i s s i n g  knowledge and would h e l p  t o  r e f i n e  research n e e d s .  Mem- 
bers of t h e  LSRO ad hoc Working Group r e p r e s e n t  in formed s o u r c e s  
of names for  s u c h  endeavor s .  Sugges ted  topics i n c l u d e  t h e  follow- 
i n g ;  t h e y  are l i s t e d  w i t h o u t  r e f e r e n c e  t o  p r i o r i t y :  

(1) best methods of molding a t t i t u d e s  and m a i n t a i n i n g  
m o t i v a t i o n  t o  a c h i e v e  optimum long-term pe r fo rmance ;  
what would m o t i v a t e  people t o  go on l o n g ,  r o u t i n e ,  
commercial space m i s s i o n s ?  

t h e  r e v e r s i b i l i t y  or i r r e v e r s i b i l i t y  of a d v e r s e  
a d a p t i v e  b i o m e d i c a l  r e s p o n s e s  t o  space f l i g h t  and 
t h e i r  predictable p s y c h o p h y s i o l o g i c a l ,  psychologi- 
c a l ,  and social consequences ;  t h i s  is p o t e n t i a l l y  
i m p o r t a n t  form t h e  s t a n d p o i n t  of t h e  h e a l t h ,  w e l l -  
b e i n g ,  and e f f e c t i v e n e s s  of spacecrew p e r s o n n e l  as 
w e l l  as p u b l i c  l i a b i l i t y  fo r  a l l e g e d  or  real  perma- 
n e n t  damage ; 

( 3 )  t y p e s  and v a r i a t i o n s  of p e r s o n a l i t y  t h a t  are best 
s u i t e d  for cop ing  w i t h  t h e  stresses of long-term 
space f l i g h t  i n c l u d i n g  crisis i n c i d e n t s ;  

( 4 )  t h e  formation of " in-groups"  and "out -groups"  and 
means of p r e v e n t i n g  or  c o n t r o l l i n g  untoward r e s u l t s ,  
s u c h  as special t r a i n i n g  and e s t a b l i s h i n g  cooper- 
a t i v e  bonds between i n d i v i d u a l  spacecrew and ground- 
crew members; 

( 5 )  t h e  a d v a n t a g e s  and d i s a d v a n t a g e s  of crew part ic ipa-  
t i o n  i n  d e c i d i n g  i s s u e s  s u c h  as autonomy of t h e  
spacecrew, c e r t a i n  i n f l i g h t  p r o c e d u r e s ,  space sta- 
t i o n  d e s i g n  features,  e q u i p m e n t ,  and f l i g h t  c loth-  
i n g ,  development  and u s e  of performance a s s e s s m e n t  
and m o n i t o r i n g ,  and t h e  a c c e p t a b i l i t y  of proposed 
tasks  i n  t h e  m i s s i o n  o b j e c t i v e s ;  a s u b s t a n t i a l  
amount of untapped  i n f o r m a t i o n  is a v a i l a b l e  i n  t h e  
area of worker p a r t i c i p a t i o n ;  

(6) t h e  u t i l i t y  of non-vocal communication as a means of 
improving  i n f l i g h t  crew i n t e r a c t i o n  and p r e f l i g h t  
t r a i n i n g  ; 

( 7 )  i n d i v i d u a l  and group methods of cop ing  w i t h  stress 
for a p p l i c a t i o n  i n f l i g h t  as w e l l  as pre-and post- 
f l i g h t ;  

(8)  e x p e r t  per formance  and protocol a n a l y s i s  as a means 
of e x t r a c t i n g  e f f e c t i v e  p r o c e d u r a l  strategies for  
u s e  i n  t r a i n i n g ,  per formance  a s s e s s m e n t ,  and 
r o b o t i c s ;  
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experiences in military and experimental aeronautics 
on methods of eliminating or dealing with illusions 
of flight, spatial disorientation and problems of 
time compression; an example is preventing the 
"floating instruments" illusion by increasing the 
contrast between figure (instrument) and ground; 

time estimation as an approach to understanding the 
phenomenon of time compression that has been noted 
during Shuttle landing approaches and alterations of 
time perception during space flight; there is a 
large literature on time estimation; 

the formation of relationships in isolated environ- 
ments and the problem of contact control to deter- 
mine whether a signicant potential problem exists 
for the space station and to identify needed 
research; a useful but limited literature exists in 
this area; 

techniques of intervention in emotional crises that 
are suitable for use in space missions; 

means of providing psychological support during long 
missions : 

work/rest cycles; during long missions, how many 
days per wk should spacecrew members work and at 
what fraction of their maximum work capacity? Is 
the 70% of work capacity industrial rule applicable 
to space flight? 

Small Group Dynamics 

Issues in group dynamics are reviewed on pages 24, 25. 
Key areas needing additional work include: (1) definition of the 
components of individual and group motivation and their impact on 
behavior of space- and groundcrews; (2 )  the effects of heterogene- 
ity of crews (astronaut/nonastronaut, mixed genders, different 
cultural backgrounds, different levels of responsibility, etc.) 
on behavioral and social interaction and productivity; ( 3 )  develop- 
ment of training methodology for social sensitivity, intracrew and 
space-ground communication, cooperation, and coordination in nor- 
mal and emergency operational conditions; (4) organization for 
optimal productivity, including leadership, command and control, 
role sharing, crew participation in mission planning and deci- 
sions; and ( 5 )  best methods for crew rotation in the space station. 



I 

I 

Analysis of available data in the foregoing subjects may 
be facilitated via concept and position papers produced as sug- 
gested on page 4 2 .  In addition, NASA should request its scienti- 
fic investigators who are working on small group dynamics to pro- 
vide their best estimates on issues listed in the preceding para- 
graph and to address others as they relate to space station plan- 
ning. Examples are: (1) crew composition in terms of personality 
characteristics; (2) factors abetting successful partial rotation 
of crews; (3) prediction of duration of optimal productivity; ( 4 )  
optimal organization of spacecrews for cohesiveness and coopera- 
tion; and (5) methods of controlling excessive "in-group" autonomy 
and preserving space-ground cooperation. 

Basic studies of the interactions of individual person- 
ality factors and group performance should be accorded a high 
priority. Effort should focus on personality characteristics that 
favor compatibility and cohesiveness of small groups and should 
emphasize the real world of the physical and operational environ- 
ment of the space station. In addition, the effects of group 
training in modulating individual personality characteristics 
toward improving group cohesiveness and productivity should be 
investigated. 

Research on the psychological aspects of selection 
criteria for demanding environments should emphasize specifi- 
cation, measurement, and validation of personality traits asso- 
ciated with superior individual and group effectiveness and adapt- 
ability as influenced by the operational environment (Helmreich, 
1984). Further investigation of the components of achievement 
motivation and their separate or interactive effects on the types 
of behavior that are desirable for successful participation in a 
space station crew would probably yield improvements in selection 
criteria. 

4 .  Perceptual, Cognitive, and Motor Effects 

More nearly precise inflight evaluations than were 
heretofore feasible, of the possible effects of space flight on 
the sensory systems should be planned for both the near and long 
terms including exploitation of opportunitites in the Shuttle mis- 
sions. The coverage should be comprehensive: the special senses 
and a selection of somatic senses including touch, pain, heat, 
cold, and kinesthetic. The relative priority of such evaluations 
is low except for those related to the sensory systems putatively 
involved in space sickness and possible alterations in olfaction 
and gustation as they may relate to the acceptability of food, 
water, and breathing mixtures. 

Acquisition and evaluation of inflight data on all space- 
related perceptual phenomena not considered operationally accept- 
able should be a continuing process of relatively high priority. 
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Such phenomena i n c l u d e  v i s u a l  and o ther  s e n s o r y  i l l u s i o n s ,  s p a t i a l  
d i s o r i e n t a t i o n ,  " r e e n t r y  v e r t i g o " ,  d i s t u r b e d  t i m e  s e n s e ,  and " t i m e  
compression ' ' .  

T h e  q u e s t i o n  w h e t h e r  a n  o p e r a t i o n a l l y  s i g n i f i c a n t  func-  
t i o n a l  d e g r a d a t i o n  accompanies  t h e  skeletal  musc le  a t r o p h y  i n  l o n g  
space f l i g h t  s h o u l d  be addressed. For  i n s t a n c e ,  i s  there  a n  
impai rment  of neuromuscular  c o n t r o l  t h a t  a f f e c t s  smooth c o n t r o l  
per formance  and f i n e  movements of t h e  hands  and f i n g e r s ?  I s  there 
e x c e s s i v e  i n t e n t i p n  tremor? T h i s  is a q u e s t i o n  of b o t h  n e a r -  and 
long- te rm i n t e r e s t .  

A q u e s t i o n  of great  i n t e r e s t  is whether  S h u t t l e  f l i g h t s  
impair psychomotor f i n e  t u n i n g  i n  t h e  p i l o t s  so t h a t  t h e y  t e n d  t o  
over -  or u n d e r - c o n t r o l  i n  c r i t i c a l  phases of f l i g h t .  If opera- 
t i o n a l  a n a l y s e s  s u g g e s t  t h a t  a problem e x i s t s ,  p o s t f l i g h t  simu- 
l a tor  tests migh t  offer a u s e f u l  approach for pe r fo rmance  assess- 
ment.  An associated s u b j e c t  is t h e  a b s e n c e  of cus tomary  percept- 
ual-motor  l i n k a g e s  i n  w e i g h t l e s s n e s s  and i d e n t i f i c a t i o n  of pos- 
s ib le  short-  and long- te rm b e h a v i o r a l  consequences .  Both a n i m a l  
and  human s t u d i e s  s h o u l d  be c o n s i d e r e d ,  i n c l u d i n g  long- t e rm follow- 
up of spacecrew p e r s o n n e l .  

I n v e s t i g a t i o n s  of t h e  effects  of s i m u l a t e d  space s t a t i o n  
m i s s i o n s  on p e r c e p t i o n ,  c o g n i t i o n ,  and psychomotor pe r fo rmance  
s h o u l d  be p l anned  for bo th  t h e  n e a r  and l o n g  terms. P l a n n i n g  
s h o u l d  t a k e  a d v a n t a g e  where  poss ib le  of i n t e g r a t i n g  s t u d i e s  w i t h  
o ther  planned e x p e r i m e n t a l  ( A m e s  Research C e n t e r )  and t r a i n i n g  
(Johnson Space C e n t e r )  s i m u l a t i o n s .  Where feas ib le ,  t h e  s t u d i e s  
s h o u l d  i n c l u d e  o b s e r v a t i o n s  and tests of s k i l l  m a i n t e n a n c e ,  work- 
res t  p a t t e r n s ,  t a s k  a l l o c a t i o n ,  g r o u p  processes, and t h e  behav- 
i o r a l  e f f e c t s  of monotony of e n v i r o n m e n t a l  s t i m u l a t i o n .  

The  data b a s e  on complex p e r c e p t u a l  and  c o g n i t i v e  s k i l l s  
n e e d s  major a u g m e n t a t i o n  i n  order t o  improve ma tch ing  t h e  human 
operator and t h e  machine ,  man-system r e l i a b i l i t y ,  and  c a p a b i l i t i e s  
for  s u p e r v i s o r y  c o n t r o l  of space s y s t e m s .  Basic research n e e d s  i n  
these areas are i d e n t i f i e d  i n  Pew (1983). Examples of research 
t h a t  s h o u l d  be s u p p o r t e d  are:  (1) theories  of human i n f e r e n c e  and  
associated c o g n i t i v e  models ( C o l l i n s  and L o f t u s ,  1975; N e w e l 1  and 
Simon,  1972) ;  ( 2 )  theories  and  d e f i n i t i o n  of t h e  c o n c e p t  of human 
error (She r idan  et a l . ,  1983); (3) r e f i n i n g  t h e  c o n c e p t  of m e n t a l  
workload ( S h e r i d a n  e t  a l . ,  1983); ( 4 )  d e t e r m i n i n g  operator capabil-  
i t i e s  and  l i m i t a t i o n s  for s u s t a i n e d ,  l o n g - d u r a t i o n ,  m e n t a l  work- 
loads w i t h  f l u c t u a t i n g  l e v e l s  of demand (Boff  e t  a l . ,  1 9 8 5 ) ;  ( 5 )  
d e f i n i n g  p s y c h o p h y s i o l o g i c a l  correlates of m e n t a l  workload (Boff  
e t  a l . ,  1985); ( 6 )  t h e  d e f i n i t i o n ,  s e p a r a b i l i t y ,  and c o o r d i n a t i o n  
of c o g n i t i v e  s y s t e m s  and s u b s y s t e m s  (Kinsbourne  and  H i c k s ,  1978;  
Navon and Gopher, 1979;  P o s n e r ,  1 9 7 8 ) ;  ( 7 )  s e l f - r e g u l a t i o n  of 
b e h a v i o r  i n  s t r e s s f u l  s i t u a t i o n s  ( S h e r i d a n  e t  a l . ,  1983);  and ( 8 )  
r e l a t i o n s  among c o g n i t i v e  p r o c e s s e s ,  stress, and  e m o t i o n a l  
r e p s o n s e s  ( B o w e r ,  1981; Posner  and Ro thba r t ,  1980). 
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5. P s y c h o s o c i a l  C o n s i d e r a t i o n s  

Items t h a t  s h o u l d  be c o n s i d e r e d  i n  p l a n n i n g ,  i n  
a d d i t i o n  t o  those already mentioned i n  c o n n e c t i o n  w i t h  g r o u p  
i n t e r a c t i o n s  may be addressed u s i n g  an  "ecological sys t ems"  
approach s u c h  as is  o u t l i n e d  on page 40. More work is  needed i n  
t h e  n e a r  term on c o n f l i c t  management, crisis i n t e r v e n t i o n ,  psycho- 
l og ica l  s u p p o r t ,  a b s o r p t i o n  of new people i n t o  formed g r o u p s ,  and 
t h e  q u e s t i o n  of optimal a u t h o r i t y  s t r u c t u r e  i n  spacecrews and 
ground c o n t r o l  g roups .  The data base on  person-envi ronment  l i n k -  
ages is  a d e q u a t e  i n  a number of a r e a s  s u c h  as spa t ia l  a t t a c h m e n t ,  
app ropr i a t ion ,  and t e r r i t o r i a l  c o n t r o l  (Al tman,  1975; Stokols  and 
Altman, 1985), b u t  more work is needed on p r i v a c y  needs  and 
methods of meeting them i n  c o n f i n e d  e n v i r o n m e n t s  ( B l u t h  and 
McNeal, 1981). 

Another  u s e f u l  approach c o u l d  be based on  a c o n f i d e n t i a l  
s u r v e y  of t h e  e x p e r i e n c e s  and career e x p e c t a t i o n s  of N A S A ' s  m i s -  
s i o n  and  payload specialists i n  t h e  STS-Shut t le  Program, f o c u s i n g  
o n  a t t i t u d e s  r e g a r d i n g  ' the  impor t ance  of t h e i r  work, effects on  
t h e i r  professional growth ,  effects of separation from families,  
i n c e n t i v e s ,  and long-term career o p p o r t u n i t i e s  and commitments 
(Helmre ich ,  1984). Knowledge for u n d e r s t a n d i n g  and d e a l i n g  w i t h  
psychosocial problems i n  v a r i o u s  social s y s t e m s  i s  a v a i l a b l e  ( f o r  
i n s t a n c e ,  see Deaux and Wrightsman, 1983). 

Unobt rus ive  e x p e r t  o b s e r v a t i o n  of space- and groundcrews  
d u r i n g  t r a i n i n g  and space o p e r a t i o n s  offers o p p o r t u n i t i e s  f o r  
a c q u i r i n g  v a l u a b l e  data and d e s c r i p t i v e  a n a l y s e s  on b e h a v i o r ,  
p e r f o r m a n c e ,  and social  i n t e r a c t i o n s .  Direct o b s e r v a t i o n s  a n d / o r  
o b s e r v a t i o n  v i a  v i d e o  and a u d i o  m o n i t o r s  are pr imary  means. 
Dur ing  space f l i g h t ,  a t t e n t i o n  shou ld  be g i v e n  n o t  o n l y  to  oper- 
a tor  pe r fo rmance  and communica t ions ,  b u t  also t o  o r d i n a r y  a c t i v i -  
t ies of onboard  l i v i n g  s u c h  as h y g i e n e ,  e a t i n g ,  l e i s u r e ,  s l e e p i n g ,  
and r o u t i n e  s t a t i o n  ma in tenance .  Methods for u s i n g  data a c q u i r e d  
i n  t h i s  manner are d i s c u s s e d  on page 49. 

6. Methodology and Models 

A h i g h  p r i o r i t y  shou ld  be accorded t h e  deve lopment  
and  o p e r a t i o n a l  employment of improved,  n o n i n v a s i v e  methods of 
m o n i t o r i n g  i n d i c a t o r s  of psychophys io logica l  s t a t u s ,  e s t i m a t i n g  
t a s k  workloads, and o b s e r v i n g  and assessing crew performance .  
Proposed deve lopmen t s  and o p e r a t i o n a l  tests s h o u l d  be p lanned  i n  
c o o r d i n a t i o n  w i t h  appropriate NASA o p e r a t i o n a l  p e r s o n n e l  i n c l u d i n g  
f l i g h t  crews a n d ,  where p e r t i n e n t ,  t h e  operational medical s u p p o r t  
s t a f f .  P a r t i c i p a t i o n  of both f l i g h t -  and  groundcrew p e r s o n n e l  i n  
p l a n n i n g  and t e s t i n g  d e v i c e s  and t e c h n i q u e s  shou ld  be s o u g h t ,  t h e  
u n d e r l y i n g  o b j e c t i v e  b e i n g  improvement i n  o p e r a t i o n a l  p r o f i c i e n c y  
and f l i g h t  safety.  
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Methods of s t r e s s - r e s p o n s e  a n a l y s i s  t h a t  have  proved  t o  
be pract ical  i n  f i e l d  s i t u a t i o n s  i n c l u d e  v o i c e  a n a l y s i s ,  m e a s u r e s  
of i n t e n t i o n  tremor, r e s p i r a t o r y  rate and p a t t e r n ,  b lood  p r e s s u r e ,  
and o b s e r v a t i o n  by b e h a v i o r a l  s c i e n t i s t s  v i a  v i d e o  or s e q u e n t i a l  
pho tography .  Voice a n a l y s i s  h a s  been  used  for  a s s e s s i n g  stress 
r e s p o n s e  i n  space f l i g h t  (Simonov, 1975 ;  Simonov et  a l . ,  1980), 
e x p e r i m e n t a l  and o p e r a t i o n a l  d i v i n g ,  and i n  a v a r i e t y  of other  
s t r e s s f u l  s i t u a t i o n s  ( H o l l i e n ,  1980). 

P l a n s  s h o u l d  be  made t o  i n t e g r a t e  v o i c e  a n a l y s i s  as a 
means of p s y c h o p h y s i o l o g i c a l  m o n i t o r i n g  d u r i n g  space s t a t i o n  
m i s s i o n  s i m u l a t i o n s  for  u l t i m a t e  u s e  i n f l i g h t .  Moreover ,  a d d i -  
t i o n a l  s t u d i e s  of t h e  effects of m e n t a l  and p h y s i c a l  stress and 
c o m b i n a t i o n s  of these on v o i c e  charc te r i s t ics  s h o u l d  be done  t o  
improve t h e o r y  and advance  t h e  state-of-the-art. 

Dev ices  to  measure  i n t e n t i o n  tremor have  been  d e v e l o p e d  
for  l a b o r a t o r y  and f i e l d  u s e .  I t  may b e  f e a s i b l e  t o  embed s u c h  
d e v i c e s  i n  o p e r a t o r - c o n t r o l l e d  equipment  so as t o  p r o v i d e  u n o b t r u -  
s i v e  data. Use of s u c h  embedded equipment  s h o u l d  be w i t h  t h e  know- 
l e d g e  and c o n s e n t  of t h e  o p e r a t o r .  Methods for measu r ing  i n t e n t i o n  
tremor are described i n  s u c h  r e p r e s e n t a t i v e  reports  as :  Bachrach 
and  Benne t t  (1973),  Bachrach e t  a l .  ( 1 9 7 1 ) ,  T r e s a n s k y  ( 1 9 7 3 ) ,  and 
Spence r  e t  a l .  (1979). By means of c u r r e n t  m i c r o p r o c e s s o r  tech- 
n o l o g y ,  t h e  s t r a i n  gauge  d e v i c e s  treated i n  t h e  f o r e g o i n g  refer- 
e n c e s  cou ld  be improved or replaced. 

F o r  measu r ing  work loads  i n  v a r i o u s  operator tasks i n c l u d -  
i n g  i n f l i g h t  u s e ,  t h e  embedd-ed s e c o n d a r y  task methods s h o u l d  b e  
considered (see page  27) .  F u r t h e r  deve lopment  of s u c h  t e c h n i q u e s  
s h o u l d  l e a d  t o  p r a c t i c a l  methods of pe r fo rmance  a s s e s s m e n t  f e a t u r -  
i n g  o n l y  t r i v i a l  a d d i t i o n s  t o  p r o c e d u r e s  t o  be performed i n  s imula -  
t i o n  and i n f l i g h t .  A d d i t i o n a l  i n f o r m a t i o n  on t h i s  methodology i s  
a v a i l a b l e  from t h e  Workload and Ergonomics Branch ( H E G ) ,  Human 
E n g i n e e r i n g  D i v i s i o n ,  Aerospace Medical Research L a b o r a t o r y ,  
W r i g h t - P a t t e r s o n  A i r  Fo rce  B a s e ,  Ohio 45433. S u c c e s s f u l  employ- 
ment of s u c h  methods w i l l  r e q u i r e  knowledge ,  c o n s e n t ,  and coopera- 
t i o n  of t h e  tested p e r s o n n e l .  Here a g a i n ,  t h e  u l t i m a t e  o b j e c t i v e  
is improvement i n  i n d i v i d u a l  operator p r o f i c i e n c y ,  better e q u i p -  
ment d e s i g n  and l a y o u t ,  more e f f i c i e n t  task a l l o c a t i o n ,  and crew 
p r o d u c t i v i t y  . 

Performance  a s s e s s m e n t  s h o u l d  i n c l u d e  b e h a v i o r a l  t y p e  
per formance  measurement  of complex p e r c e p t u a l  motor a c t i v i t i e s  and 
c o g n i t i v e  f u n c t i o n s .  C u r r e n t l y ,  t h e  best ,  m o s t  comprehens ive  
a s sembly  for s u c h  u s e  i s  t h e  t r i - s e r v i c e  p e r f o r m a n c e  a s s e s s m e n t  
b a t t e r y  whose  deve lopment  is  n e a r i n g  c o m p l e t i o n .  I t  is d e s i g n e d  
t o  meet t h e  r e q u i r e m e n t s  for  l a b o r a t o r y  and f i e l d  u s e  i n  t h e  
m i l i t a r y  d e p a r t m e n t s ,  and r e p r e s e n t s  a n  attempt t o  combine t h e  
b e s t  features of s e v e r a l  e x i s t i n g  d e v i c e s  i n c l u d i n g  t h e  Army 
Per formance  Assessment  B a t t e r y  (Thorne  e t  a l .  , 1983) , S e v e r a l  Navy 
b a t t e r i e s ,  and the ,  A i r  Force C r i t e r i o n  Task S e t  ( S h i n g l e d e c k e r ,  
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1984). P l a n s  s h o u l d  be made f o r  t e s t i n g  pre- and p o s t f l i g h t  per- 
formance of members of STS-Shutt le  crews u s i n g  t h i s  k i n d  of sophis- 
t icated equipment .  Moreover ,  space  s t a t i o n  p l a n n i n g  s h o u l d  con- 
sider t h e  need for  onboard  performance a s s e s s m e n t  as a means of 
m o n i t o r i n g  t h e  psychophysiological  c o n d i t i o n  of t h e  crew and for  
research. The f e a s i b i l i t y  of adapt ing  t h e  t r i - s e r v i c e  pe r fo rmance  
a s s e s s m e n t  b a t t e r y  fo r  i n f l i g h t  use  s h o u l d  be addressed. 

An emerging t e c h n o l o g y  of p o t e n t i a l  v a l u e  i n  a s s e s s i n g  
and  m o n i t o r i n g  p e r c e p t u a l  processes is  measurement of c e n t r a l  
n e r v o u s  s y s t e m  t r a n s m i s s i o n  times. T h i s  c a n  be done p r e c i s e l y  i n  
t h e  v i s u a l  and a u d i t o r y  s y s t e m s  v i a  r e c o r d i n g  of s t e a d y  s ta te  
v i s u a l  evoked r e s p o n s e s  and b r a i n s t e m  a u d i t o r y  r e s p o n s e s .  For 
example ,  v a r i a b l e s  s u c h  as p e r c e i v e d  workload a l t e r  t h e  temporal 
p a t t e r n s  of t h e  r e s p o n s e s .  T h i s  methodology s h o u l d  be c o n s i d e r e d  
as  a n o t h e r  promising approach  to t h e  o b j e c t i v e  measurement of  
c e n t r a l  n e r v o u s  sys tem processes (Donchin,  1984; Hadtanen ,  1982). 

NASA s h o u l d  make u s e  of  t e c h n i q u e s  fo r  u n o b t r u s i v e ,  
n o n i n t e r f e r e n c e  c o l l e c t i o n  methodology t o  s t u d y  on-going a c t i v i -  
t i es  i n f l i g h t .  Expe r t  b e h a v i o r a l  o b s e r v a t i o n s  v i a  onboard v i d e o  
and a u d i o  space-ground l i n k s  would p r o v i d e  data  i n  i m p o r t a n t  areas 
s u c h  as  operator performance, f u n c t i o n a l  d i f f i c u l t y  associated 
w i t h  w e i g h t l e s s n e s s ,  onboard communicat ion,  social i n t e r a c t i o n s ,  
and chang ing  q u a l i t i e s  of i n d i v i d u a l s  and t h e  g r o u p  as t h e y  u n f o l d  
d u r i n g  a m i s s i o n .  Proven t e c h n i q u e s  e x i s t  f o r  q u a l i t a t i v e  and 
q u a n t i t a t i v e  a n a l y s i s  of u n o b t r u s i v e  data ( B a r k e r ,  1968; H e l m -  
r e ich ,  1972; LeFan and Helmreich, 1971; Radloff and H e l m r e i c h ,  
1968; Radloff and Mach, 1970; Wicker, 1979). Agreement s h o u l d  be 
a r r a n g e d  among i n v e s t i g a t o r s  and o p e r a t i o n a l  p e r s o n n e l  i n c l u d i n g  
m i s s i o n  p a r t i c i p a n t s  r e g a r d i n g  access t o  m o n i t o r i n g  and t h e  c o n f i -  
d e n t i a l i t y  and release of data  on the  b e h a v i o r  and per formance  of 
i n d i v i d u a l s .  

Special t y p e s  of t r a i n i n g  appear p romis ing  fo r  t h e  f l i g h t -  
and groundcrews  of t h e  space s t a t i o n .  These i n c l u d e  "social  s e n s i -  
t i v i t y " ,  "team b u i l d i n g " ,  c o h e s i v e n e s s  and interpersonal  communi- 
c a t i o n  t r a i n i n g ,  and strategies f o r  coping w i t h  t h e  stresses of 
space s t a t i o n  occupancy  s u c h  as r e l a x a t i o n  t e c h n i q u e s .  Methods 
for  a c c o m p l i s h i n g  and e v a l u a t i n g  t h e s e  special t y p e s  of t r a i n i n g  
need improvement t o  e s t a b l i s h  their p o t e n t i a l  f o r  t h e  space 
s t a t i o n  program. 

A u s e f u l  process i n  past  space s y s t e m  p l a n n i n g  was t h e  
" w a l k / t a l k  th rough"  w i t h  management and p l a n n i n g  p e r s o n n e l ,  focus-  
i n g  on  s u c h  f e a t u r e s  as i n t e r i o r  d e s i g n  and h a b f t a b i l i t y ,  s y s t e m  
pe r fo rmance  r e q u i r e m e n t s  i n c l u d i n g  ground and spacecrew perform- 
a n c e ,  and  crew compos i t ion .  Such a p r o c e d u r e  he lps  t o  i d e n t i f y  
specific u n r e s o l v e d  problems and to  o r g a n i z e  r e q u i r e d  d e c i s i o n s  
which special is ts  i n  v a r i o u s  d i s c i p l i n e s  of psychology and human 
factors c o u l d  t h e n  r e v i e w  r e l a t i v e  t o  a v a i l a b l e  data i n  order to  
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determine  short-  and long- te rm research n e e d s  and s u g g e s t  p r ior -  
i t ies.  Some s u c h  method o f  o r g a n i z i n g  and p r i o r i t i z i n g  research 
n e e d s  and d e f i n i n g  i n  d e t a i l  t h e  n a t u r e  of p rob lems  t o  b e  s o l v e d ,  
based o n  s p e c i f i c  d e c i s i o n s  t h a t  must be made by space s t a t i o n  
p l a n n e r s  and d e s i g n e r s  would h e l p  t o  s h a r p e n  t h e  v a l i d i t y  of some 
research n e e d s  and downgrade t h e  i m p o r t a n c e  of others .  

V a r i o u s  methods of s e l f - r e p o r t i n g  s h o u l d  be used  as com- 
p o n e n t s  of b e h a v i o r a l  e v a l u a t i o n  schemes. Examples i n c l u d e  a t t i -  
t u d e  (Miller et a l . ,  1967), e m o t i o n a l  s ta te  ( H e l m r e i c h ,  1971c), 
mood (LeFan and Helmreich, 1971), p e r s o n a l i t y  a s s e s s m e n t  (Symonds, 
1931), and S u b j e c t i v e  Workload Assessment  Technique  (Reid  e t  a l . ,  
1981). O t h e r  p e r t i n e n t  r e f e r e n c e s  i n  t h i s  area i n c l u d e :  Anas- 
t a s i a  (1969),  End le r  and Okada ( 1 9 7 5 ) ,  Gough (1960) ,  and Rotter 
(1966). 

A p l a n  s h o u l d  b e  f o r m u l a t e d  for  n o n i n v a s i v e  t r a c k i n g  of 
neurohormonal  markers of r e s p o n s e s  t o  stress. Biochemical markers 
e x i s t  t h a t  reflect t h e  magn i tude  of p e r c e i v e d  stress and s u g g e s t  
t h e  d i r e c t i o n  of c o p i n g  b e h a v i o r .  For example ,  e f f e c t i v e  c o p i n g  
l e a d s  t o  a decrease i n  p i t u i t a r y - a d r e n a l  r e s p o n s e  to  stress i n d e -  
p e n d e n t l y  of a d r e n a l  cor t icos te ro id  n e g a t i v e  f eedback .  Develop- 
ment of means  t o  d e t e r m i n e  t h e  p o i n t  of impending f a i l u r e  of t h e  
a d a p t a t i o n  r e s p o n s e  t o  long- te rm b u i l d  up of stresses p r e c e d i n g  
and d u r i n g  a major space m i s s i o n  would have  o b v i o u s  v a l u e  as a n  
operat ional  m o n i t o r i n g  t e c h n i q u e  and for research. C a n d i d a t e  
markers  i n c l u d e  u r i n a r y  c o r t i s o l ,  t e s t o s t e r o n e ,  and c a t e c h o l a m i n e s  
(El ias ,  1981; m u r i a n  e t  a l . ,  1981 ;  S c a r a m e l l a  and Brown, 1978). 

O p t i m a l  c o g n i t i v e  strategies s h o u l d  b e  d e v e l o p e d  to  
improve t r a i n i n g  methods. E x p e r i e n c e  i n  t h e  area of e x p e r t  p e r -  
formance  s u g g e s t s  t h a t  e x t r a c t i o n  of pe r fo rmance  s t r a t e g i e s  from 
e x p e r t s  c a n  p r o v i d e  u s e f u l  d a t a  fo r  improving  t r a i n i n g .  E x p e r t  
performance i n f o r m a t i o n  may be o b t a i n e d  by p r o t o c o l  a n a l y s i s  or b y  
e x p e r i m e n t a l  p r o c e d u r e s  (Hayes ,  1982) .  

In  v i ew of t h e  d i m i n u t i o n  of t h e  e x t r i n s i c  rewards t h a t  
characterize t h e  ea r l ie r ,  p i o n e e r i n g  manned space p r o g r a m s ,  cer- 
t a i n  p s y c h o l o g i c a l  characterist ics w i l l  assume i n c r e a s i n g  import- 
a n c e  as d e t e r m i n a n t s  of s u c c e s s  of spacecrew members on l o n g  m i s -  
s i o n s ;  fo r  example ,  i n t r i n s i c  m o t i v a t i o n  to  master a s k i l l  and do 
i t  w e l l  as a b a s i s  for j o b  s a t i s f a c t i o n .  D e f i n i n g ,  o r g a n i z i n g ,  
and  a s s i g n i n g  tasks  and r e s p o n s i b i l i t i e s ,  r o l e - s h a r i n g ,  and l e a v -  
i n g  room for some f l e x i b i l i t y  and c r e a t i v i t y  i n  mod i fy ing  pre- 
s c r i b e d  space s t a t i o n  a c t i v i t i e s  are some of t h e  e l e m e n t s  fo r  
c o n s i d e r a t i o n  as e n h a n c e r s  of i n t r i n s i c  rewards. 

P r o v i s i o n s  s h o u l d  be  made for t h e  i n c l u s i o n  of phys io -  
l o g i c a l  and metabolic data w i t h  o the r  data i n  e v a l u a t i n g  b e h a v i o r  
and per formance .  Such data would n o r m a l l y  i n c l u d e  heart and 
r e s p i r a t i o n  r a t e s ,  blood p r e s s u r e ,  oxygen u p t a k e  and c a r b o n  
d i o x i d e  o u t p u t ,  o b t a i n e d  by w e l l - e s t a b l i s h e d  s p a c e  biomedical 
t echno logy .  
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B. TECHNICAL AND OTHER CONSIDERATIONS 

The r e s u l t s  of comprehens ive ,  detai led space s t a t i o n  
a n a l y s e s  i n  areas a f f e c t i n g  tasks and performance r e q u i r e m e n t s  o f  
space -  and groundcrews  are needed a t  t h e i r  ea r l ies t  a v a i l a b i l i t y  
by NASA research program p l a n n e r s  for  d e t e r m i n i n g  specif ic  
research n e e d s  i n  b e h a v i o r  and per formance .  Such i n f o r m a t i o n  
should i n c l u d e  n o t  o n l y  t h e  t a s k s ,  pe r fo rmance  r e q u i r e m e n t s ,  and 
t i m e l i n e s ,  b u t  a l so  s t a t i o n  a r c h i t e c t u r e ,  l a y o u t s ,  p l acemen t  of 
c o n s o l e s ,  d i s p l a y s ,  and con t ro l s ,  c h a r a c t e r i s t i c s  o f  work sta- 
t i o n s ,  s p a c e  a l l o c a t i o n ,  and related items. 

The Working Group r e c o g n i z e s  also t h a t  t h e  p l a n n i n g  and 
d e s i g n  s t u d i e s  for  t h e  space s t a t i o n  w i l l  i n c l u d e  i n p u t  fo r  i n t e r -  
i o r  d e s i g n  r e q u i r e m e n t s ,  h a b i t a b i l i t y ,  crew s y s t e m s ,  t a s k s ,  o p e r a -  
t i o n a l  p r o c e d u r e s ,  t i m e l i n e s ,  and s p e c i f i c a t i o n s  for crew s k i l l s ,  
c o m p o s i t i o n ,  and other characterist ics.  Q u e s t i o n s  or u n c e r t a i n -  
t ies  a r i s i n g  from lack of data d u r i n g  s p a c e  s t a t i o n  p l a n n i n g  and 
d e s i g n  s t u d i e s  s h o u l d  l e a d  to  i d e n t i f i c a t i o n  of c r i t i c a l  short-  
term research ne&ds  as w e l l  as problems r e q u i r i n g  long-term i n v e s t -  
i g a t i o n .  The s i n g u l a r  i m p o r t a n c e  of  prompt deve lopment  o f ,  a t  
l ea s t ,  p r o v i s i o n a l  s p a c e  s t a t i o n  mis s ion  scenarios,  s y s t e m s  
r e q u i r e m e n t s  and f u n c t i o n s ,  and task a n a l y s e s  was stressed by t h e  
Working Group. 

C o n s i d e r a t i o n  s h o u l d  be  g i v e n  to  widening  t h e  scope 
of s e l e c t i o n  p r o c e d u r e s  to  e v a l u a t e  s u c h  character is t ics  as :  
(1) a b i l i t y  t o  c o o p e r a t e  and work p r o d u c t i v e l y  w i t h  f l i g h t  crew 
p e e r s  and ground s u p p o r t  s ta f f  for  ex tended  p e r i o d s  under  t h e  
i n f l u e n c e  of t h e  imposed e n v i r o n m e n t a l  stresses; (2) social  s k i l l s  
s u c h  as t h e  a b i l i t y  t o  p r o v i d e  a n d  r e c e i v e  social  s u p p o r t ;  (3) t o l -  
erance for a c u t e ,  l i f e - t h r e a t e n i n g  stress and fo r  l i f e - t h r e a t e n i n g  
stress ex tended  i n  t i m e ;  (4 )  r o u t i n e ,  day-to-day p r o d u c t i v i t y  p re -  
f l i g h t ,  i n f l i g h t ,  and p o s t f l i g h t ;  ( 5 )  p u b l i c  image. 

A p s y c h i a t r i c  e v a l u a t i o n  s h o u l d  be  incorporated w i t h  t h e  
a n n u a l  medical e x a m i n a t i o n  of o p e r a t i o n a l  s p a c e  and ground person-  
n e l  as a r o u t i n e  part  of t h e  p e r i o d i c  e v a l u a t i o n .  

S p e c i a l  b e h a v i o r a l  t r a i n i n g  t o  p r e p a r e  i n d i v i d u a l  members 
and whole f l i g h t  crews f o r  s p a c e  s t a t i o n  m i s s i o n s  s h o u l d  be  form- 
u l a t e d  on t h e  b a s i s  of c u r r e n t l y  a v a i l a b l e  i n f o r m a t i o n .  Teachab le  
components  t o  be  considered i n c l u d e  p s y c h o l o g i c a l  s e l f - d e f e n s e ,  
p s y c h o l o g i c a l  cop ing  s t r a t e g i e s ,  and p r i n c i p l e s  of i n t e r p e r s o n a l  
c o m p a t i b i l i t y  s u c h  as  awareness  of each others '  needs .  Teaching  
i n  c o p i n g  s k i l l s  s h o u l d  b e  aimed not o n l y  toward c o n t r o l l i n g  t h e  
e f fec ts  o f  i n f l i g h t  stresses b u t  a l s o  day-to-day pre- and  p o s t -  
f l i g h t  stresses of an  i n t e r -  and intrapersonal  n a t u r e .  

Medical  c o n t i n g e n c y  p l ann ing  w i l l ,  no d o u b t ,  i n c l u d e  
p r e p a r a t i o n  for managing i n c i d e n t s  or  abnormal  p s y c h o l o g i c a l  
r e a c t i o n s  i n f l i g h t  i n c l u d i n g  "worst case" s i t u a t i o n s  s u c h  as 
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severe panic or a frank psychotic break. It is quite possible for 
psychosis to develop on an organic basis which was too subtle to 
be identified during normal medical evaluation; for example, a 
parathyroid or adrenal tumor. Moreover, aggravated degrees of 
physiological responses to space flight, such as electrolyte and 
hormonal imbalances, could lead to psychological impairment. The 
possible need to control and sustain a mentally incapacitated crew 
member for several weeks aloft should be addressed in terms of 
diagnosis, treatment, equipment, and preflight crew training. 

Three problems that deserve high priority for prompt 
action are: (1) the lack of a secure radio link for private space- 
ground communication; (2 )  the absence of a plan for monitoring and 
assessing crew performance during training, simulations, and 
inflight; and ( 3 )  lack of clear definition of the operational 
significance of "reentry vertigo" and "time compression." The 
Working Group endorses private communications as a prominent 
factor for morale and quality of life, especially in long mis- 
sions. Assessment of performance of actual crew members in the 
real world of NASA preflight training, mission simulation, and 
space flight with a view toward optimizing performance, training, 
and design of workplaces, equipment, and controls is considered a 
top priority action item. Some feasible technical approaches are 
outlined in Section IV B. 

Planning should begin as soon as possible to incorporate 
performance assessment into the Shuttle and space station programs 
to provide for continuous unobtrusive monitoring of sensory, cog- 
nitive, and motor performance and psychophysiological indices 
employing currently available means (e.g., video and audio monitor- 
ing, ECG, blood pressure, and respiration), pre- and postflight 
testing using state-of-the-art performance assessment batteries 
(see page 28), and embedded secondary task techniques (see page 27). 

Informal reports of disorientation during orbital inser- 
tion and reentry, time compression, and possible tendencies toward 
inappropriate control inputs in the Shuttle Orbiter suggest a need 
for investigation beyond what has occurred to date. It is under- 
stood that NASA has solved the time compression problem by opera- 
tional means; however, the dimensions and significance of these 
experiences are not clear to the Working Group. In view of their 
apparent relationship to operational safety, extraordinary effort 
should be directed toward problem definition, resolution, and 
identification of needed research and analysis including possible 
inflight expert behavioral observation. 

Finally, the ad hoc Group believes that a majority of 
recommendations for investigations in the behavioral sciences that 
are referred to in Section I11 C are still applicable to NASA's 
near- and long-term research needs. 



C. PRIORITIES 

I t  is  s u g g e s t e d  t h a t  NASA c o n s i d e r  t h e  s u g g e s t i o n s  for 
research and other a c t i o n s  t h a t  are de t a i l ed  i n  S e c t i o n  V ,  A and B 
i n  order of p r i o r i t y  similar t o  t h a t  shown i n  t h e  f o l l o w i n g  ou t -  
l i n e .  

1. Near- and  Long-term Needs 

Near- term 

Develop  a new g e n e r a t i o n  pe r fo rmance  a s s e s s m e n t  
b a t t e r y  for u s e  i n  t r a i n i n g ,  m i s s i o n  s imula -  
t i o n s ,  and f l i g h t .  A s u g g e s t e d  model i s  t h e  
T r  i - s e r v i c e  Per formance  Assessment  B a t t e r y  . 
Develop a p p r o p r i a t e  embedded s e c o n d a r y  tasks as 
means of m o n i t o r i n g  and assessing workloads and  
pe r fo rmance  i n  space m i s s i o n s .  

P l a n  t h e  u s e  of S h u t t l e  onboa rd  v i d e o  and a u d i o  
resources f o r  b e h a v i o r a l  o b s e r v a t i o n  of crews. 

P r o v i d e  nea r -  and long- te rm s u p p o r t  for basic 
l a b o r a t o r y  s t u d i e s  t o  improve t h e o r y  of 
pe r fo rmance  and i ts  measurement .  

P l a n  s t u d i e s  of b e h a v i o r  and pe r fo rmance  t o  
take a d v a n t a g e  of t h e  Space  S t a t i o n  Mockup 
Research F a c i l i t y  c o n t e m p l a t e d  for A m e s  
Research C e n t e r .  I n c l u d e  p e r c e p t u a l ,  c o g n i -  
t i v e ,  and psychomotor parameters and g r o u p  
dynamics.  

P l a n  near- and  long- t e rm approaches to  i n v e s t i -  
g a t i n g  and s o l v i n g  crew problems s u c h  as con- 
f l i c t  management, i n t e g r a t i o n  of new members, 
crisis i n t e r v e n t i o n ,  p s y c h o l o g i c a l  s u p p o r t ,  
a u t h o r i t y  s t r u c t u r e ,  and d i s t r i b u t i o n  of r e spon-  
s i b l i t i e s  and work. 

P l a n  nea r -  and long- te rm e x p e r t  b e h a v i o r a l  
o b s e r v a t i o n  of space- and groundcrews  d u r i n g  
t r a i n i n g ,  s i m u l a t i o n s ,  and space f l i g h t .  

I n v e s t i g a t e  i n t e r a c t i o n s  of p e r s o n a l i t y  fac tors  
and g roup  per formance .  

53 



0 Develop methods of n o n i n v a s i v e  t r a c k i n g  of 
neurohumoral  marke r s  of r e p o n s e s  t o  stress. 
I n v e s t i g a t e  means of d e t e r m i n i n g  i n d i c e s  of 
impending f a i l u r e  of t h e  a d a p t a t i o n  r e s p o n s e  t o  
s u s t a i n e d  or i n t e r m i t t e n t  stress. 

0 Acqui re  and e v a l u a t e  i n f l i g h t  data  on space 
related p e r c e p t u a l  phenomena w i t h  p o t e n t i a l  or 
d e m o n s t r a t e d  o p e r a t i o n a l  or p s y c h o p h y s i o l o g i c a l  
s i g n i f i c a n c e .  

0 S t u d y  t h e  e f f e c t s  of s p a c e  f l i g h t  on t h e  p r e c i -  
s i o n  of psychomotor f u n c t i o n s  and  c o n t r o l .  

0 P l a n  s p e c i a l  t r a i n i n g  for f l i g h t -  and  ground- 
crews of t h e  space s t a t i o n  program i n c l u d i n g  
soc ia l  s e n s i t i v i t y ,  c o h e s i v e n e s s ,  i n t e r p e r s o n a l  
communica t ion ,  and s t r a t e g i e s  for c o p i n g  w i t h  - o p e r a t i o n a l  stresses. 

b.  Long-term Research and  DeveloDment 

0 C o n t i n u e  i n v e s t i g a t i o n  and development  of 
methodology and i n s t r u m e n t a t i o n  for  o b j e c t i v e  
measurement of p s y c h o p h y s i o l o g i c a l  processes, 
s t a t u s ,  and performance. Examples of 
a p p r o a c h e s  i n c l u d e :  

1. Improved pe r fo rmance  a s s e s s m e n t  b a t t e r y  
2. Embedded s e c o n d a r y  tasks  
3. C e n t r a l  n e r v o u s  s y s t e m  t r a n s m i s s i o n  t i m e s  
4. I n t e n t i o n  tremor 
5. Evoked co r t i ca l  e lec t r ic  p o t e n t i a l s  and 

6. Voice a n a l y s i s  
7. A n a l y s i s  of v i d e o  r e c o r d i n g s  and  

m a g n e t i c  f i e l d  r e s p o n s e s  

s e q u e n t i a l  p h o t o g r a p h s  

0 S u p p o r t  basic s t u d i e s  of p e r c e p t u a l  and  
c o g n i t i v e  processes t o  improve man-machine 
m a t c h i n g ,  man-system r e l i a b i l i t y ,  and human 
s u p e r v i s o r y  c o n t r o l  of s p a c e  s y s t e m s .  

0 C o n t i n u e  t o  d e v e l o p  methodology and  p l a n s  for 
e x p e r t ,  u n o b t r u s i v e  b e h a v i o r a l  o b s e r v a t i o n  of 
t h e  a c t i v i t i e s  of s p a c e -  and groundcrews.  



a Improve methodology for  q u a l i t a t i v e  and q u a n t i -  
t a t i v e  a n a l y s i s  of u n o b t r u s i v e l y  o b t a i n e d  
b e h a v i o r a l  data.  

0 Plan  a d d i t i o n a l  s t u d i e s  of factors t h a t  i n f l u -  
e n c e  g r o u p  dynamics s u c h  as m o t i v a t i o n ,  hetero- 
g e n e i t y  of crews, o r g a n i z a t i o n  for optimal 
p r o d u c t i v i t y  and psychological s t a b i l i t y ;  and 
special t r a i n i n g  f o r  social s e n s i t i v i t y ,  crew 
c o h e s i v e n e s s ,  and c o p i n g  strategies.  

0 I n v e s t i g a t e  m e t h o d s  of enhanc ing  i n t r i n s i c  
rewards for f u t u r e  spacecrew p e r s o n n e l  i n c l u d -  
i n g  space s t a t i o n  crews. 

0 Conduct s t u d i e s  t o  improve t h e  data base on 
spa t ia l  a t t a c h m e n t ,  a p p r o p r i a t i o n ,  t e r r i t o r i a l  
c o n t r o l ,  and p r i v a c y  n e e d s  as may be related t o  
space s t a t i o n  crews.  

0 Develop opt imal  c o g n i t i v e  strategies t o  improve 
t r a i n i n g  methods. One u s e f u l  approach i n v o l v e s  
e x t r a c t i o n  of per formance  strategies from 
e x p e r t  operators by protocol a n a l y s i s .  

0 P l a n  i n v e s t i g a t i o n s  of t h e  effects  of space 
f l i g h t  on p e r c e p t u a l ,  c o g n i t i v e ,  and motor 
capabi l i t ies  and l i m i t a t i o n s .  I n c l u d e  perti-  
n e n t  s e n s o r y  s y s t e m s .  

0 Plan  long-term fo l low-up s t u d i e s  of b e h a v i o r a l  
and psychomotor changes  t h a t  m i g h t  r e s u l t  from 
t h e  a b s e n c e  of norma l  p e r c e p t u a l - m o t o r  l i n k a g e s  
i n  w e i g h t l e s s n e s s .  

0 I n c l u d e  physiological  and metabolic data i n  
d e v e l o p i n g  methods of e v a l u a t i n g  b e h a v i o r  and 
per formance .  

2. T e c h n i c a l  and O t h e r  C o n s i d e r a t i o n s  

0 P l a n  for m o n i t o r i n g  and measurement of pe r fo rmance  
of o p e r a t i o n a l  p e r s o n n e l  d u r i n g  t r a i n i n g ,  m i s s i o n  
s i m u l a t i o n s ,  and a c t u a l  space m i s s i o n s .  E x p e d i t e  
c o o r d i n a t i o n  of t h i s  w i t h  a l l  appropriate  NASA 
a c t i v i t i e s .  

0 Select and implement  procurement  of e x p e r t  concept 
and p o s i t i o n  papers. 
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0 D e f i n e  c l e a r l y  t h e  o p e r a t i o n a l  s i g n i f i c a n c e  of 
p s y c h o p h y s i o l o g i c a l  phenomena o c c u r r i n g  on STS 
m i s s i o n s .  

0 Add p s y c h i a t r i c  e v a l u a t i o n  to  t h e  p e r i o d i c  med ica l  
e v a l u a t i o n s  of spacecrew and m i s s i o n  groundcrew.  

0 I n c l u d e  management of i n f l i g h t  e m o t i o n a l  crises and 
p s y c h o t i c  b r e a k s  w i t h  m e d i c a l  c o n t i n g e n c y  p l a n s .  

0 A t  ear l ies t  a v a i l a b i l i t y ,  p r o v i d e  research program 
managers  for  RTOP 199-22-62, Psycho logy ,  w i t h  
detai led p l a n n i n g  i n f o r m a t i o n  fo r  t h e  space s t a t i o n  
s u c h  as p r o v i s i o n a l  m i s s i o n s ,  work t o  be accom- 
p l i s h e d ,  work s c h e d u l e s ,  workloads, r e q u i r e d  s k i l l s  
and d e s i g n  c o n c e p t s  for p s y c h o l o g i c a l  s u p p o r t  and 
q u a l i t y  of l i f e  onboard .  
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